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A B S T R A C T  
T h e  S i l v e r  P l u m e  a r e a  l i e s  i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  F r o n t  
R a n g e ,  C o l o r a d o ,  i n  a  P r e c a m b r i a n  t e r r a i n  c h a r a c t e r i z e d  b y  h i g h - g r a d e  
m e t a m o r p h i c  r o c k s  a n d  g r a n i t e .  T h e  p r e s e n t  w o r k  c o n s i s t s  o f  a n  a r e a  
a b o u t  2 . 3  s q u a r e  m i l e s  n o r t h w e s t  o f  S i l v e r  P l u m e .  T h e  v e i n s  h a v e  p r o ­
d u c e d  a b o u t  $ 1 5 , 0 0 0 , 0 0 0  i n  l e a d ,  z i n c ,  a n d  s i l v e r  s i n c e  1 8 6 8 .  
T h e  o l d e s t  P r e c a m b r a i n  s t r u c t u r e  r e c o g n i z e d  i n  t h e  m e t a m o r p h i c  
r o c k s  c o n s i s t s  o f  a  l a r g e  i s o c l i n a l  f o l d  w i t h  l i m b s  o r i e n t e d  a t  a b o u t  
1 3 0 ° - 7 5 °  N  a n d  a  f o l d  a x i s  p l u n g i n g  a t  a b o u t  6 0 ° ~ 7 0 °  E .  T h e  c o r e  o f  t h e  
f o l d  c o n s i s t s  o f  m i c a c e o u s  q u a r t z  g n e i s s  w i t h  a  w i d e r ,  o u t e r  b a n d  o f  
s i l l i r n a n i t i c  b i o t i t e - q u a r t z  g n e i s s .  T h i s  f o l d  w a s  d i s r u p t e d  b y  t h e  
i n t r u s i o n  o f  S i l v e r  P l u m e  G r a n i t e  ( 1 . 4  b . y . )  w h i c h  f o r m s  s m a l l  s t o c k s  
a n d  d i k e - l i k e  m a s s e s  s c a t t e r e d  i n t i m a t e l y  t h r o u g h  t h e  a r e a .  T w o  p h a s e s  
o f  t h e  g r a n i t e  c a n  b e  d i s t i n g u i s h e d :  a  l i g h t - g r a y ,  m e d i u m - g r a i n e d  
s e r i a t e  v a r i e t y  w h i c h  f o r m s  a  r e l a t i v e l y  c o n t i n u o u s  s t o c k  i n  t h e  s o u t h ­
w e s t  o n e - t h i r d  o f  t h e  a r e a ,  a n d  a  l i g h t - g r a y ,  m e d i u m - g r a i n e d  p o r p h y r i t i c  
g r a n i t e  w i t h  a  p r i m a r y  f l o w  s t r u c t u r e  w h i c h  f o r m s  s m a l l  i r r e g u l a r  b o d i e s  
i n  t h e  n o r t h e a s t e r n  p o r t i o n  o f  t h e  a r e a  a s  a  b o r d e r  p h a s e  o f  t h e  s e r i a t e  
v a r i e t y .  T h i n ,  p e r s i s t e n t  T e r t i a r y  q u a r t z  m o n z o n i t e  a n d  O l i g o c e n e  a l a s -
k i t e  d i k e s  s c a t t e r e d  t h r o u g h  t h e  a r e a  a r e  p r o b a b l y  r e l a t e d  t o  a  h i g h  
l e v e l  s u r f a c e  d e v e l o p e d  a t  a n  e l e v a t i o n  o f  a p p r o x i m a t e l y  1 2 , 0 0 0  f e e t .  
T h i s  s u r f a c e  ( s u r f a c e s ? )  h a s  b e e n  g r e a t l y  m o d i f i e d  b y  P l e i s t o c e n e  g l a c i -
a t i o n .  
F a u l t i n g  t h a t  r a n g e s  i n  a g e  f r o m  P r e c a m b r i a n  t o  O l i g o c e n e  h a s  
i  i  i  
i - i u y j  d-
b e e n  r e c o g n i z e d  i n  t h e  a r e a .  T h e  m o s t  p r o m i n e n t  f a u l t ,  t h e  P e l i c a n -
B i s m a r k  v e i n  a n d  i t s  a s s o c i a t e d  a l a s k i t e  d i k e  ( 1 1 0 ° - 7 0 °  N ) ,  r e p r e s e n t s  a  
m a j o r  f r a c t u r e  t h a t  e x t e n d s  i n t o  a d j a c e n t  a r e a s  a n d  i s  p r o b a b l y  t h e  m a i n  
o r e  c h a n n e l  i n  t h e  a r e a .  A n o t h e r  s e t  o f  f a u l t s  s t r i k e s  a b o u t  3 0 °  t o  6 0 °  
w i t h  s t e e p  t o  v e r t i c a l  d i p s .  M a n y  o f  t h e s e  f a u l t s  a r e  m i n e r a l i z e d  a n d  
e s p e c i a l l y  t h o s e  t h a t  e x t e n d  o u t w a r d  f r o m  t h e  P e l i c a n - B i s m a r k  v e i n .  
T h e y  r e p r e s e n t  m a j o r  v e i n s  b u t  d o  n o t  h a v e  a s s o c i a t e d  d i k e s  o r  s h o w  s i g n s  
o f  m a j o r  m o v e me n t .  
S u l f i d e  m i n e r a l i z a t i o n  c o n s i s t s  o f  v e r t i c a l  o r  n e a r - v e r t i c a l  
v e i n s  l e s s  t h a n  5  f e e t  t h i c k  t h a t  a r e  g e n e r a l l y  p e r s i s t e n t  a l o n g  s t r i k e .  
H o w e v e r ,  t h e  v e i n  s t r u c t u r e s  s h o w  m a n y  i r r e g u l a r i t i e s ,  a n d  t h e  s u l f i d e s  
u s u a l l y  o c c u r  a s  v a r i a b l e  s i z e  p o d s  a n d  l e n s e s  t h a t  c o n s i s t  m a i n l y  o f  
s p h a l e r i t e ,  g a l e n a ,  a n d  p y r i t e ,  w i t h  m i n o r  g a n g u e  q u a r t z  a n d  c a r b o n a t e s .  
S i l v e r  i n  t h e  o r e  i s  p r e s e n t  m a i n l y  i n  t h e  g a l e n a  a s  t i n y  i n c l u s i o n s  o f  
p o l y b a s i t e ,  t e t r a h e d r i t e ,  a n d  p y r a r g y r i t e .  I n  t h e  s o u t h w e s t  p o r t i o n  o f  
t h e  a r e a ,  s u l f o s a l t s  m a y  r e a c h  1  c m  i n  d i a m e t e r  a s  m a s s e s  i n t e r g r o w n  w i t h  
t h e  s p h a l e r i t e  a n d  g a l e n a .  S o u t h w e s t  o f  t h e  P e l i c a n - B i s m a r k  v e i n  ( a l o n g  
a  p l a n e  a t  a n  e l e v a t i o n  o f  a b o u t  9 , 2 0 0  f e e t ) ,  t h e  s u l f o s a l t s  s h o w  a  m a r k e d  
z o n a t i o n .  T h e  s u l f o s a l t s  c h a n g e  f r o m  t e t r a h e d r i t e  i n  a n d  n e a r  t h e  P e l i c a n  
B i s m a r k  v e i n ,  t o  a  m i x t u r e  o f  p o l y b a s i t e  a n d  t e t r a h e d r i t e ,  t o  a  z o n e  
m a r k e d  b y  p o l y b a s i t e  a n d  p y r a r g y r i t e  i n  t h e  s o u t h w e s t  c o r n e r  o f  t h e  a r e a .  
T r a c e  e l e m e n t s  i n  t h e  g a l e n a  a n d  v e i n  s u l f i d e s  ( p a r t i c u l a r l y  S b ,  A s ,  a n d  
A g )  d o  n o t  s h o w  s i g n i f i c a n t  c h a n g e s  c o m p a r a b l e  t o  t h e  m i n e r a l o g i c a l  
z o n i n g .  A l t e r a t i o n  a s s o c i a t e d  w i t h  t h e  m i n e r a l i z a t i o n  c o n s i s t s  o f  a  s i n g l  
z o n e  u s u a l l y  l e s s  t h a n  2 0  f e e t  w i d e  c h a r a c t e r i z e d  b y  t h e  d e v e l o p m e n t  o f  
s e r i c i t e ,  k a o l i n i t e ,  a n d  s i d e r i t e .  
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INTRODUCTION 
This study is  directed to the lead-zinc-silver mineralization 
of the immediate S ilver Plume a rea in the Front Range Mineral  Belt  of 
Colorado. Most of the miles of underground w orkings are now ca ved; but 
three long tunnels,  the Mendota,  the Burleigh,  and the Diamond tunnels,  
allow examination of the veins at  various points.  These were mapped in 
detail ,  as was the Johnny B ull  mine.  Most of the workings mapped were 
at  a level of about 9,200 feet.  Because o f the steep topography, most 
of the veins crop out as much as 2,200 feet  above the level seen in the 
tunnels.  The upper portions of these veins were seen in only scattered 
locali t ies but allow some generalizations to be made concerning the 
changes in mineralization with elevation.  
In addit ion,  almost one-half  of the t ime devoted to this 
investigation was spent in studying the Precambrian rocks,  the structure,  
and the general  geology of the area as i t  related to the mineral  deposi ts.  
Almost al l  of the area is  composed of an intimate mixture of high-grade 
metamorphic roc ks and Precambrian granite that  intruded them. General ly,  
the Precambrian rocks and the structure appear more complex than was f i rst  
thought—so complex, in fact ,  that  many questions will  remain unresolved 
without addit ional study over a considerably wider area.  
The geochemical work undertaken consisted of studies of trace 
and major element distr ibution in and adjacent to the veins by mean s of 
semi-quantitat ive spectrographs analysis.  Galena was collected at  a 




elements in i t .  In addit ion,  the Mendota and Johnny Bull  tunnels were 
sampled systematical ly along their  length,  and the samples were analyzed 
by emission spectrography. The purpose was two-fold:  f irs t  to study the 
diffusion of the metal  ions into the wall  rock adjacent to the veins as 
an indication of the origin of the veins,  and second, to see if  the dis­
tribution of the metals could be used as a guide to ore.  
Location and Accessibil i ty 
The S ilver Plume area is  about s ix miles northeast  of the 
Continental  Divide in the Front Range, Clear Creek County,  Colorado. 
This study includes a roughly equidimensional area of about 2.3 square 
miles to the northwest of and including the town o f Silver Plume 
(Figure 1).  Elevation varies from 9,000 to 12,400 feet  within the 
mapped area.  The portion of the region below 11,500 feet  is  character­
ized by s teep topography as a result  of Pleistocene glaciation.  Bedrock 
is  well  exposed up to an elevation of about 11,500 feet.  Above that ,  
the topography consists of a gently roll ing surface,  and bedrock is  
moderately to poorly exposed. 
Silver Plume is  readily accessible from Denver on U.S. Highway 6.  
Presently a four-lane superhighway is  under construction.  Eventually,  i t  
will  extend from S ilver Plume to Denver on the east ,  and under the 
Continental  Divide to the west.  The s teep slopes are accessible only by 
foot;  however,  remnants of many old t rails  are in the area.  They offer 
a convenient avenue o f movement but have been obli terated in some s ections 
because of vegetation or minor landsliding.  An o ld wagon road loops back 
•1202 
























































and forth from Silver Plume to the Seven-thirty mine on the hillside to 
the northwest. It is presently washed out in a number of places but 
could be ma de passable to four-wheel-drive vehicles. The higher eleva­
tions in the northern third of the area can be reached from Empire via 
Bard Creek over a number of old mining roads. At best, these roads are 
open o nly to four-wheel-drive vehicles. 
The climate in Silver Plume is quite pleasant in the summer> 
but frequent storms and high winds make field work difficult in the 
winter. During the three winters of this study, there was l ittle snow 
below timberline on the south-facing slopes due to the direction of the 
prevalent winds. Timberline is highly irregular but occurs at an average 
altitude of about 11,500 feet. Logging during the period of intensive 
mining was extensive, but much of the area now supports scattered stands 
of conifers up to a foot in diameter. 
Methods of Investigation 
The weeks spent in the area during the summer of 1965 were 
devoted e qually to surface mapping and ma pping in the Mendota tunnel. 
During the summer of 1965, another 14 weeks were spent in the area. 
About seven weeks were used in further surface mapping, and the remainder 
of the time in mapping the Burleigh and Diamond tunnels. In addition, 
numerous week ends during the periods 1965-1967 were spent in the area. 
The surface mapping wa s done on U .S. Forest Service aerial 
photographs (1957) enlarged to a scale of approximately 1:4,500. Due to 
the extreme r elief in the area, the scale of the photographs varied 
T-]202 
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considerably,  and i t  was found impractical  to transfer the geologic data 
from the photographs to the base map by using only a simple optical  
device.  The data were sketched on the base map with the aid of known 
poinus that  could be identified on both the aerial  photographs and the 
base map. 
The base map used to compile the surface geology is  a composite 
of the three topographic maps available:  the U.S. Geological  Survey 
1:24,000 Georgetown (1957) and Grays Peak (1958) quadrangles,  and the 
U.S. Geological  Survey S ilver Plume Mining District  map of 1904 a t  a 
scale of 1:12,000. All  were enlarged to a scale of 1:4,000, and a new 
base map wa s drafted.  The 1904 S ilver Plume Mining District  map wa s 
used in preference to the newer maps.  I t  stands as a monument to i ts  
producers and plane-table mapping. Topography that  is  completely lost  
on the smoothed-out contours of the newer maps is  present on this "old" 
map in exacting detail .  
1 he mapping of the Diamond, Burleigh,  and Mendota tunnels is  
based on a large unlabeled map dat ed 1905 in the Colorado School of Mines 
Library collection.  Apparently,  the same map wa s reduced as Plate XXV 
in Spurr,  Garrey and Ball  (1908) without reference to i ts  source.  I t  
was cross-checked against  a number of other underground maps of various 
degrees of rel iabili ty.  No r eason was found to doubt i ts  accuracy. I t  
is  apparently based on t ransit  and tape surveys that  closed on their  
start ing points.  The underground map of the Johnny Bull  mine was fur­
nished through the courtesy of Mr. Courtland Dei t ier .  
Specific locations on the geologic map, Plate 1 ,  are indicated 
by t he use of a grid reference system. The grid system is  based on the 
I - Izuz 
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inches east  and north from the southwest ( lower left)  corner of that  
plate.  As an example,  the location,  El2.2,  N5.5,  refers to a point  
which is  12.2 inches to the r ight of the southwest corner of the map 
(or more generally from the left  border of the map) and is  5.5 inches 
up from the lower border of the map. 
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The m ineralization of the Silver Plume a rea has been studied 
since the beginning of geological  explorat ion in the western United 
States.  J .  D. Hague of the King Su rvey (King, 1870, p.  591-599) pre­
sented short  descriptions of some of the mines whe n the maximum dep th to 
which any of the veins had been explored was only 185 feet  and the 
Burleigh tunnel had been d riven only 120 feet.  Many mining journals and 
newspapers continued with short  descriptions of the mines and brief notes 
of new devel opment during the remainder of the 19th century; they continue 
intermittently to the present.  The f irst  detailed presentation of the 
geology o f the area was the monumental  work by S purr,  Garrey,  and Ball  
(1908).  To a great  degree,  this study should be considered only as an 
addit ion to their  work, and none of their  maps or diagrams of inacces­
sible underground workings are included in this thesis.  In 1906, Ball ,  
in conjunction with the work of Spurr and Garrey,  established the f irst  
generally accepted classification of the Precambrian rocks of the central  
Front Range. His nomenclature includes the terms "Idaho Springs Forma­
tion" for the metamorphic rock exposures near Idaho Springs and the term 
"Silver Plume G ranite" for the granit ic rocks exposed at  Silver Plume. 
A n umber of privately circulated engineer 's  reports were seen during the 
course of this study but are not specifically noted.  Most were uninforma-




overactive imagination.  The best ,  which should be considered a basic 
reference on the area,  was presented by 0 .  0.  McReynolds (1903) for the 
Pelican-Bismark-Seven-thirty vein system. Lovering (1935) includes that  
part  of the mapped area lying west of longitude 105°45'  West in his map­
ping of the Montezuma quadrangle.  Lovering and Goddard (1950) included 
a summary of the ore deposits  of Silver Plume in their  overall  study of 
the ore deposits  of the Front Range Mineral  Belt .  Much of their  infor­
mation was frGm Sp urr,  Garrey and Ball  (1908),  but much new knowledge 
was added, part icularly of the regional aspects of the mineral ization.  
Both papers have been drawn upon freely for this thesis.  
Since 1344, an extensive program of f ield studies has been 
undertaken by the U.S. Geological  Survey to the northeast  of this area.  
Their  work extends from the Central  City area to the vicinity of Larmar-
t ine (the nearest  approach of their  mapping to this study is  about 5 mile 
to the east).  This extremely detailed work includes studies of the Pre-
cambrian geology of the Central  City area (Sims and Gable;  and Sims, 
1964),  the Precambrian geology of the Idaho Springs area (Moench, 1964),  
the mineralization at  Central  City (Sims, Drake,  and Tooker,  1963),  and 
the mineralization of the Idaho Springs area (Moench and Drake,  1966).  
Integrated studies of al l  aspects of the geology were completed in a 
number of areas including the Chicago Creek area (Harrison and Wells,  
1959),  the Freeland-Larmartine area (Harrison and Wells,  1956),  and the 
Lawson-Dumont area (Hawley and Moore,  1967).  Regional s tudies of the 
area include the relationship of the mineralizat ion to the alteration by 
Tooker (1963),  the Tertiary igneous rocks by Wells (1960),  the joint  
orientat ion by H arrison and Moench (1961),  and the folding by Moench, 
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Harrison, and Sims (1962).  None of the series of papers on the uranium 
mineralization within the area will  be cited individually.  Many o f the 
preceding authors '  theories and results  have been incorporated in this 
thesis.  Ideas common to a number of these papers will  be indicated in 
the general  form of " . . . recent U.S. Geological  Survey work in the Central  
City-Idaho Springs-Lawson area. . ."  
Several  miles to the northwest ,  Theobald (1955) has mapped the 
Berthoud quadrangle.  His work,  which encompasses much of the same type 
of rocks that  occur within the area of this thesis,  is  notable in showing 
the complex f aulting and geology in this portion of the Front Range. In 
addit ion to these major references for the immediate a rea,  there are many 
addit ional art icles and papers on the geology of various portions of the 
Front Range and the mineralizat ion,  that  are pert inent when one discusses 
part icular aspects of the geology within the Silver Plume area.  Reference 
to these is  made where appropriate.  
Geologic Sett ing 
The a rea l ies in a complex Precambrian terrain composed of 
high-grade metamorphic rocks and batholi thic intrusions that  range in 
composit ion from g ranite to diori te.  During the Mesozoic and Paleozoic 
eras,  thick sedimentary units  similar to those known along the flanks of 
the Front Range were deposited over most of central  Colorado. However,  
during the uplift  of the range in early Tertiary t ime, these sediments 
were s tr ipped from the Front Range, leaving only the Precambrian rocks 
exposed. Accompanying this early Tertiary mountain building,  hypabyssal  
7-1202 
10 
dikes and small  stocks were intruded along a northeast-southwest trending 
belt ,  which later served as the si te of widespread mineralizat ion and 
forms the Front Range Mineral  Belt .  Later in the Tertiary,  the area of 
the present Front Range was buried by d ebris from i ts  own erosion.  The 
present Front Range then formed as a result  of regional upl ift  and ero­
sion.  Although the geology of the Front Range has been studied for almost 
100 y ears,  much of the geologic mapping remains a simplified and subjec­
t ive interpretation.  Lovering and Goddard's  work (1950) serves as the 
best  overall  summary of the geology of the central  part  of the Front 
Range, and the work by Boos and Boos (1957) serves as the best  summary 
of the entire Front Range as wall  as the eastern flanks to the north and 
south.  
Silver Plume l ies in the southwest half  of the Front Range 
Mineral  Belt  (Figure 2),  a dist inctive l inear feature approximately 60 
miles long and 5 to 15 miles wide that  trends N 40° E ac ross the Front 
Range. The m ineral  belt  and i ts  associat ion with Tertiary hypabyssal  
rocks was f irst  recognized by S purr,  Garrey,  and Ball  (1908, p.  98-109).  
Mineralizat ion is  not uniformly distributed through the Mineral  Belt  but 
occurs as clusters of veins around centers of mineralization.  The type 
of mineralization is  not consistent along the mineral  belt .  The c hief 
types of mineralization in the northeastern portion of the mineral  belt  
consist  of f luorspar deposits  of the Jamestown area,  the lead-zinc-si lver 
deposits  of the Ward area,  the gold-silver te l luride deposits  of Gold 
Hill  and Magnolia,  and the tungsten deposits  at  Nederland (see Figure 2 
for locations).  To the southwest,  the deposits  of Central  City and 
Idaho Springs are roughly zoned with centers of gold-pyrite mineralizat ion 
T 1202 i l  
103° !C5° 
10 10 Miles 
Figure  2 .  index map of  the  Front  Range Minera l  Bel t  
showing the Silver Plume oreo on Plate I. 
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and an outer zone of lead-zinc-silver mineralization. The Silver Plume 
and Ge orgetown areas occur at the transition to predominantly lead-zinc-
silver deposits (with subsidiary gold-pyrite mineralization at George­
town). This type of deposit continues to the southwest along the Mineral 
Bait where the deposits of Montezuma, Breckenridge (and out of the Front 
Range), Alma, and Leadville are valued chiefly for the lead, zinc, and 
silver content. 
Geomorphology 
The topography of the area has largely been shaped by Pleisto­
cene g laciation. The steep U-shaped valley of Clear Creek that terminates 
in numerous cirques to the west along the Continental Divide clearly 
indicates the work of glaciers. Since the disappearance of the glaciers, 
the topography has been modified by rapid downslope mo vement of material 
as talus and colluvium and by numerous landslides. At the higher ele­
vations in the northern one-third of the area, abundant peri glacial 
features such as solifluction lobes and stone rings attest to the severe 
climate. Presently the solifluction lobes appear to be movi ng very 
slowly, if at all. The permafrost zone is probably just above the highest 
elevations within the area. The orographic snowline is at an altitude of 
about 12,500 feet (Richmond, 1965, p. 225). This northern third of the 
area was apparently above the level of glaciation that formed the topog­
raphy of Clear Creek valley. The topography here consists of undulating 
ridges and valleys largely covered by colluvium. Although they are not 
particularly well developed in the small area considered in this thesis 
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( left  skyline in f igure 1),  a number of roughly level surfaces can be 
seen above 11,000 feet .  Lovering (1935, p.  22-25) separates three such 
surfaces centered around Silver Plume Mount ain in the northwest corner 
of the area.  (His work did not extend into the eastern three-quarters 
of the area.)  The h ighest  of his surfaces,  which he relates to the 
Eocene Flat top peneplain,  is  at  an elevation of about 12,250 feet .  The 
intermediate surface varies in elevation from 11 ,750 to 12,000 feet  and 
is  considered to be of Eocene o r Miocene a ge.  The lowest surface,  which 
varies in elevation from 11,5 00 to 12,000 feet ,  is  thought to be of early 
Pleistocene age.  Although the term "peneplain" and the number of surfaces 
seen by Lovering may be open to question,  these accordant summit levels 
and f lat  upland surfaces have been recognized widely in the Front Range. 
Recent work indicates that  the Oligocene topography was only 
sl ightly above, i f  not coincident with,  the highest  of Lovering's  sur­
faces.  Mapping a t  the Urad mine near Berthoud Pass (4 miles to the north­
west)  by Wallace and others (1967) indicates that  the top of the Tertiary 
rhyolite plug of Red Moun tain (12,315 feet)  was only a few hundred feet  
below t he surface.  I t  has been dated as 27 m .y. ,  or Oligocene (Taylor 
and King, 1967; and Wallace,  McKenzie,  and Blair,  1967).  Another similar 
rhyolit ic plug with textures indicating that  i t  occurs within a few 
hundred f eet  of the surface ( if  not at  the surface) occurs about 3 miles 
south of the southeast  corner of this area at  an elevation of 12,000 feet  
(Taylor and King, 1967).  
Unfortunately,  there is  no mode rn study of the glacial  events 
of this portion of the Front Range. However,  Spurr,  Garrey,  and Ball  
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(1908, p.  84-88) differentiate two periods of glaciation in the George­
town q uadrangle.  The older,  a large ice mass centered at  Georgetown, 
reached a maximum el evation of about 11,300 feet  in the Silver Plume 
area.  The termination of the U-shaped valley of Clear Creek at  about 
the top of Brown Mountain could be at tr ibuted to this f irst  glaciation,  
but the break in slope is  indist inct .  The age of this glaciation is  not 
known, but i t  may c orrelate with deposits  of Bull  Lake glaciation (?) 
identif ied by Richmond (Hawley and Moore,  1967, p.  40-41) in the Lawson-
Dumont area.  The youn ger period consisted of widespread valley glaciers 
over much o f the central  Front Range. Spurr,  Garrey,  and Ball  indicate 
that  i t  reached a maximum el evation of about 10,400 feet  at  Silver Plurne.  
The abrupt change in slope of Brown Gulch at  an elevation of about 
10,400 feet  is  the result  of this second glaciat ion.  The terminus of 
this glaciation is  shown by S purr,  Garrey,  and Ball  to be at  the inter­
section of Highways 6 and 40 just  to the east  of Empire where a prominent:  
terminal moraine occurs.  Richmond (in_ H awley and Moore,  1967, p.  40-41) 
identified this moraine as belonging to the early stade of the younger 
Pinedale Glaciation.  
In addit ion to the evidence of the two ma jor glaciations pre­
viously noted,  many bedrock benches at  varying elevations along the 
slopes of Clear Creek indicate later glacial  levels.  Most are small  and 
discontinuous.  The most continuous example can be seen at  an elevation 
of from 9, 750 to 10,000 feet  opposite and above the Mendota and Terrible 
mines.  This set  of benches can be roughly correlated with a similar sur­
face at  an elevation of about 9,400 feet  around the bedrock knob a t  the 
north side of Silver Plume. 
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T a l u s  c o v e r s  m u c h  o f  t h e  s t e e p  s l o p e s  w i t h i n  t h e  a r e a .  T h e  
m a t e r i a l  i s  c o m p o s e d  o f  a n g u l a r ,  u n w e a t h e r e d  r o c k s ,  w i t h  c o b b l e - s i z e d  
a n d  l a r g e r  f r a g m e n t s  p r e d o m i n a t i n g .  T h e  a n g l e  o f  r e p o s e  o f  t h i s  
m a t e r i a l  v a r i e s  f r o m  a b o u t  3 2 °  t o  a  m a x i m u m  o f  a b o u t  3 8 ° .  T h a t  t h e s e  
t a l u s  s l o p e s  a r e  f r e q u e n t l y  u n s t a b l e  i s  o b v i o u s  a f t e r  a  f e w  t r a v e r s e s  
a c r o s s  t h e m .  I n  t h e  p o r t i o n s  o f  t h e  a r e a  t h a t  w e r e  a b o v e  t h e  l i m i t s  o f  
g l a c i a t i o n ,  a  p o o r l y  d e v e l o p e d  m o u n t a i n  s o i l  h a s  d e v e l o p e d .  
L a n d s l i d e s  a r e  c o m m o n .  P r o b a b l y  t h e  m o s t  p r o m i n e n t  e x a m p l e  
i s  m a r k e d  b y  a  l a r g e  h i l l  o f  l a n d s l i d e  d e b r i s  a t  t h e  e a s t  e n d  o f  S i l v e r  
P l u m e  b e s i d e  u l e a r  C r e e k ,  ( f n i s  h i l i  i s  j u s t  o f f  t h e  e a s t  e d g e  o f  t h e  
m a p p e d  a r e a  a l o n g  t h e  s o u t h  s i d e  o f  t h e  h i g h w a y . )  T h e  h i l l  i s  c o m p o s e d  
o f  a  c h a o t i c  j u m o l e  o i  a n g u l a r  f r a g m e n t s  t h a t  v a r y  i n  s i z e  f r o m  c l a y  t o  
b l o c k s  o f  g r a n i t e  a n d  m e t a m o r p h i c  r o c k s  u p  t o  1 5  f e e t  i n  d i a m e t e r .  T h e  
l a n d s l i d e ,  w h i c h  o r i g i n a t e d  o n  t h e  v a l l e y  " w a l l  t o  t h e  s o u t h ,  d a m m e d  C l e a r  
C r e e k  v a l l e y .  T h u s ,  t h e  t o w n  o f  S i l v e r  P l u m e  i s  l a r g e l y  b u i l t  o n  t h e  
n e a r l y  l e v e l  a c c u m u l a t i o n s  o f  g r a v e l s  a n d  l a k e  b e d s  d e p o s i t e d  b e h i n d  
t h i s  l a n d s l i d e  d a m .  T h i s  f l a t  a r e a ,  p a r t i c u l a r l y  t h e  a r e a  o n  t h e  s o u t h  
s i d e  o f  t h e  h i g h w a y ,  w a s  m a r s h y  u n t i l  t h e  h i g h w a y  c o n s t r u c t i o n  i n  1 9 6 7 ,  
a n d  a  n u m b e r  o f  o l d  s o u r c e s  n o t e  t h a t  d i t c h e s  w e r e  d u g  t o  d r a i n  t h e  s i t e  
o f  S i l v e r  P l u m e  w h e n  t h e  t o w n  w a s  b e i n g  b u i l t .  I n  c o n t r a s t ,  b e l o w  t h i s  
l a n d s l i d e  d a m ,  C l e a r  C r e e k  t a k e s  a  s t e e p  c o u r s e  t o  G e o r g e t o w n .  
O t h e r  r e c e n t  l a n d s l i d e s  a r e  e v i d e n t .  P i n k e r t o n  G u l c h  i s  t h e  
s i t e  o f  a n  o b v i o u s  l a n d s l i d e  t h a t  r e s u l t e d  i n  a  l a r g e  f a n  a l o n g  C l e a r  
C r e e k  a n d  a  p r o m i n e n t  s c a r  t o  i t s  s o u r c e  o n  S i l v e r  P l u m e  M o u n t a i n  ( a l o n g  
t n e  l e f t  l i m i t  o f  t h e  m a p p e d  a r e a  a s  s h o w n  i n  F i g u r e  1 ) .  A n o t h e r  p a s s e s  
d o w n  t r o m  R e p u b l i c a n  M o u n t a i n  t o w a r d  S i l v e r  P l u m e  a n d  t e r m i n a t e s  j u s t  
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w e s t  o f  t h e  p o r t a l  o f  t h e  P e l i c a n  t u n n e l .  B o t h  r e m a i n  t h e  p a t h s  o f  a v a -
l a n c h i n g  s n o w  i n  t h e  w i n t e r .  T h e  B r o w n  G u l c h  l a n d s l i d e  i n  1 8 8 0  w a s  
l a r g e l y  m a n  m a d e .  P r i o r  t o  t h a t  d a t e ,  m a n y  o f  t h e  m i n e s  h a d  d i s p o s e d  o f  
t a i l i n g s  i n t o  B ro w n  G u l c h  o v e r  a  c u l v e r t  s y s t e m  t h a t  w a s  s u p p o s e d  t o  
a l l o w  w a t e r  t o  p a s s  b e n e a t h  t h e  t a i l i n g  p i l e s .  A p p a r e n t l y  t h e  c u l v e r t  
s y s t e m  w a s  b l o c k e d ,  a n d  t h e  w a t e r  w o r k e d  i t s  w a y  i n t o  t h e  t a i l i n g s .  
A i d e d  b y  t h e  s t e e p  s l o p e  o f  t h e  g u l c h ,  t h e  w a t e r - l a d e n  m a t e r i a l  b r o k e  
a w a y  a n d  f o r m e d  a  p r o m i n e n t  f a n  a l o n g  C l e a r  C r e e k .  I n  d o i n g  s o ,  t h e  
s l i d e  b u r i e d  t h e  t o w n  o f  B r o w n s v i l l e  a n d  t h e  B r o w n s v i l l e  s m e l t e r .  
S t r u c t u r a l  c o n t r o l  o f  t h e  t o p o g r a p h y  i s  o f  s e c o n d a r y  i m p o r ­
t a n c e .  L o c a l l y ,  t h e  j o i n t  p a t t e r n  m a y  c o n t r o l  t h e  s h a p e s  o f  l a r g e  
o u t c r o p s ,  b u t  o n  a  l a r g e r  s c a l e ,  t h e  e f f e c t  i s  n o t  g e n e r a l l y  n o t i c e a b l e .  
F a u l t s  a r e  o c c a s i o n a l l y  i n d i c a t e d  b y  l i n e a r  f e a t u r e s  o n  t h e  t o p o g r a p h y ,  
b u t  m o s t  a r e  n o t .  T h e  b e s t  e x a m p l e  o f  s u r f a c e  e x p r e s s i o n  o f  f a u l t i n g  i s  
s e e n  i n  t h e  a l i g n m e n t  o f  t h e  u p p e r  p o r t i o n  o f  B r o w n  G u l c h .  I t s  p o s i t i o n  
i s  c l e a r l y  d i r e c t e d  b y  t h e  P e l i c a n - B i s m a r k  v e i n  a n d  t h e  a s s o c i a t e d  a l a s -
k i t e  d i k e .  
I n  g e n e r a l ,  t h e  t o p o g r a p h y  i s  i n d i f f e r e n t  t o  r o c k  t y p e .  T h e  
o n e  n o t a b l e  e x c e p t i o n  o c c u r s  i n  S h i v e l y  G u l c h ,  w h i c h  c o i n c i d e s  w i t h  t h e  
t r e n d  o f  a  T e r t i a r y  d i k e  o f  c o m p o s i t e  c o m p o s i t i o n  ( F i g u r e  1  a n d  P l a t e  1 ) .  
N o n e  o f  t h e  o t h e r  T e r t i a r y  d i k e s  s h o w  t o p o g r a p h i c  e x p r e s s i o n .  
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PRECAMBRIAN R OCKS 
The a rea mapped in this study consists almost enti rely of Pre-
carnbrian metamorphic and igneous rocks that  have been intruded by a few 
Tertiary dikes.  The metamorphic rocks were those termed the Idaho 
Springs Formation by S purr ,  Garrey,  and Ball  (1908, p.  37-44),  who f urther 
divided the formation into two subdivisions in the Silver Plume a rea,  
granite gneiss and black biotite gneiss .  Their  terminology will  not be 
used in this thesis,  but the metamorphic rocks were separated into two 
roughly equivalent units  in this report ,  micaceous quartz gneiss and 
si l l imanit ic biotite-quartz gneiss.  
The recent U. S.  Geological  Survey work in the Central  City-
Idaho Springs-Lawson area uses a six-fold subdivision of the Idaho 
Springs Formation.  I t  does not appear that  the metamorphic rocks in the 
Silver Plume area are exactly equivalent to any of their  units .  Spurr,  
Garrey,  and Ball  (1908, p.  58) also coined the term Silver Plume G ranite 
for exposures a t  Silver Plume. Although no type locali ty was given, i t  
is  commonly c onsidered to be the quarry at  the base of Brown Gulch about 
a mile west of Silver Plume. Two varieties of Silver Plume G ranite have 
been d istinguished in this study, a seriate variety that  occurs at  the 
quarry and a trachytoid porphyritic variety that  occurs in numerous small  
bodies in the northeast  half  of the area.  The modal composit ions of the 
Precambrian rocks given in tables 1 to 3 are based on point  counts on 
standard sized thin sections,  using 1000 points at  1/3-mm i ntervals on 
each section to arrive at  the given volume percentages.  
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M e t a m o r p h i c  R o c k s  
H i g h - g r a d e  P r e c a m b r i a n  m e t a m o r p h i c  r o c k s  o c c u r  t h r o u g h o u t  t h e  
m a p p e d  a r e a  a n d  c o m p r i s e  a b o u t  o n e  h a l f  o f  t h e  r o c k s  e x p o s e d .  T h e  a s s e m ­
b l a g e  s i  1 1 i m a n i t e - m u s c o v i t e - b i o t i t e - p l a g i o c l a s e - m i c r o c l i n e  q u a r t z  i s  
u b i q u i t o u s  i n  a l l  o f  t h e  m e t a m o r p h i c  r o c k s .  H o w e v e r ,  t h e  r e l a t i v e  p e r ­
c e n t a g e s  o f  t h e s e  m i n e r a l s  h a v e  b e e n  u s e d  t o  d i f f e r e n t i a t e  t w o  u n i t s :  
m i c a c e o u s  q u a r t z  g n e i s s  a n d  s i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s .  T h e  
n o m e n c l a t u r e  r e f l e c t s  t h e  m a j o r  m i n e r a l s  i n  t h e  u n i t s ;  b o t h  p l a g i o c l a s e  
a n d  m i c r o c l i n e  a r e  a l s o  p r e s e n t  i n  b o t h  u n i t s  b u t  i n  v a r i a b l e  q u a n t i t y .  
T h e  m i n e r a l o g y  i n d i c a t e s  t h e  s i l l i m a n i t e - a l m a n d i n e - m u s c o v i t e  s u b f a c i e s  o r  
t h e  s i l l i m a n i t e - a l r n a n d i n e - K - f e l d s p a r  s u b f a c i e s  o f  t h e  a l m a n d i n e - a m p h i b o l e  
f a c i e s  ( F y f e ,  T u r n e r ,  a n d  V e r h o o g e n ,  1 9 5 8 ,  p .  2 3 0 - 2 3 2 ) .  T h e  r e a c t i o n  
m u s c o v i t e  +  q u a r t z  +  s i  1 1 i m a n i t e  +  K - f e l d s p a r  +  w a t e r  
! T A  1 2  ( O H )  2  ( A 1 S  i  3 0 1 Q )  +  S i 0 2  =  A l 2 S i 0 5  +  K A l S i ^ O g  +  H 2 0  
( l o w e r  t e m p e r a t u r e )  ( h i g h e r  t e m p e r a t u r e )  
d e t e r m i n e s  t h e  a p p r o p r i a t e  s u b f a c i e s .  I n  m o s t  o f  t h e  r o c k s  e x a m i n e d ,  h o w ­
e v e r ,  a l l  f o u r  o f  t h e  m i n e r a l s  i n  t h e  r e a c t i o n  w e r e  p r e s e n t  a l t h o u g h  t h e  
m u s c o v i t e  w a s  c o n s i d e r a b l y  s u b s i d i a r y  t o  t h e  b i o t i t e .  P o s s i b l y  t h e  
r e a c t i o n  i s  n o t  e f f e c t i v e  i n  t h e  t e m p e r a t u r e - p r e s s u r e  r a n g e  a p p r o p r i a t e  
t o  t h e  f o r m a t i o n  o f  t h e s e  p a r t i c u l a r  r o c k s .  T h e r e  i s  a l s o  t h e  p o s s i b i l i t y  
o f  a  d i v a r i a n t  b a n d  b e t w e e n  t h e  s u b f a c i e s  b e c a u s e  o f  m e t a s t a b i 1 i t y .  O r  
t h e  m u s c o v i t e  m a y  b e  t h e  r e s u l t  o f  r e t r o g r a d e  m e t a m o r p h i s m  a l t h o u g h  t h e  
m u s c o v i t e  a p p e a r s  c o n t e m p o r a n e o u s  w i t h  t h e  b i o t i t e .  
N e i t h e r  t h e  m i c a c e o u s  q u a r t z  g n e i s s  o r  t h e  s i  1 1 i m a n i t i c  
I  -  I  C\j<L 
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b i o t i t e - q u a r t z  g n e i s s  c a n  b e  c o r r e l a t e d  w i t h  t h e  u n i t s  m a p p e d  i n  t h e  
C e n t r a l  C i t y - I d a h o  S p r i n g s - L a w s o n  a r e a .  S o m e  v a r i e t i e s  o f  t h e  b i o t i t e  
g n e i s s  a t  L a w s o n  ( H a w l e y  a n d  M o o r e ,  1 9 6 7 ,  p .  1 8 - 1 9 )  a r e  s i m i l a r  t o  t h e  
s i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s  a t  Si l v e r  P l u m e  e x c e p t  t h a t  t h e  r o c k s  
a t  Si l v e r  P l u m e  h a v e  a  m u c h  h i g h e r  c o n t e n t  o f  K - f e l d s p a r .  S o m e  a n a l y s e s  
o f  t h e  q u a r t z  g n e i s s  a t  L a w s o n  a p p e a r  s i m i l a r  t o  t h e  a n a l y s e s  o f  t h e  m i c a ­
c e o u s  q u a r t z  g n e i s s  a t  Si l v e r  P l u m e .  T h e r e  i s  n o  r e a s o n  t o  a s s u m e  t h a t  
t h e  r o c k s  s h o u l d  b e  e q u i v a l e n t ;  p e r h a p s  t h e  g e o l o g y  o f  t h e  F r o n t  R a n g e  
a l r e a d y  s u f f e r s  f r o m  t o o  m a n y  c o r r e l a t i o n s  b a s e d  o n  g r o s s  1 i t h o l o g i c a l  
s i m i l a r i t i e s  i n  w i d e l y  s p a c e d  a r e a s .  
I t  m u s t  b e  e m p h a s i z e d  t h a t  t h e  d i v i s i o n  o f  t h e  P r e c a m b r i a n  
m e t a m o r p h i c  r o c k s  i n  t h i s  t h e s i s  i s  b a s e d  o n  l i t t l e  m o r e  t h a n  a r b i t r a r y  
b o u n d a r i e s  i n  a  c o n t i n u o u s l y  v a r y i n g  s e r i e s  o f  r o c k s .  W h e t h e r  t h i s  s u b ­
d i v i s i o n  c a n  b e  u s e d  o v e r  a  w i d e r  a r e a  i s  u n c e r t a i n .  T h e  s u b d i v i s i o n  i s  
b a s e d  p r i m a r i l y  o n  f i e l d  c o m p a r i s o n  o f  t h e  p e r c e n t a g e  o f  b i o t i t e  a n d  
s i l l i m a n i t e  v e r s u s  t h e  q u a r t z  a n d  f e l d s p a r  c o n t e n t  o f  t h e  r o c k s .  T y p i c a l  
e x a m p l e s  o f  t h e  s i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s  a n d  m i c a c e o u s  q u a r t z  
g n e i s s  c a n  b e  e a s i l y  i d e n t i f i e d  i n  t h e  f i e l d ,  b u t  i n t e r m e d i a t e  e x a m p l e s  
a r e  t h e  m o s t  c o m m o n .  T h e  b o u n d a r y  b e t w e e n  t h e s e  t w o  r o c k  t y p e s  l i e s  a t  
a p p r o x i m a t e l y  2 0  p e r c e n t  b i o t i t e .  M a n y  l a y e r s  o f  m o r e  q u a r t z o s e  r o c k s  
o c c u r  i n  t h e  s i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s ;  t h e  r e v e r s e  i s  l e s s  
c o m m o n .  T h e  f i e l d  b o u n d a r i e s  o f  t h e  m e t a m o r p h i c  r o c k  u n i t s  w e r e  p l a c e d  
w h e r e  l e s s  t h a n  h a l f  o f  t h e  o u t c r o p  c o n s i s t e d  o f  d a r k - g r a y  s i l l i m a n i t i c  
b i o t i t e - q u a r t z  g n e i s s .  
T h e  m e t a m o r p h i c  r o c k s  h a v e  n o t  b e e n  d a t e d  w i t h i n  t h e  m a p p e d  
a r e a .  H o w e v e r ,  n u m e r o u s  o t h e r  d a t e s  h a v e  b e e n  g i v e n  f o r  t h e  I d a h o  S p r i n g s  
I -  I ZUZ 
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Formation throughout the Front Ra nge. The mo st recent wo rk involving 
Rb-Sr who le-rock age determ inations gives a value of 1.69 b.y. to 1.74 
b.y. for the ag e of the regional metamorphism of the m etamorphic roc ks 
through m uch of the Front Range (Hutchinson and He dge, 1967). 
Petrography of sill imanitic biotite-quartz gneiss 
Sil l imanitic biotite-quartz gneiss is a med ium-grained, dark-
grey gnei ssic rock with layers 1 to 4 m m thick of biotite and s i 11imanite. 
This un it grades into a f ine-grained, l ight-grey or tan m icaceous quartz -
i te with a " salt and pe pper" texture. The foliation commonly d oes not 
consist of regular planar ba nds but r ather of roughly aligned lense s of 
dark an d l i ght material.  Modes for some representative specimens of 
sil l imanitic biotite-quartz gneiss are given in Table 1. 
In thin section, the rock ha s a hypidioblastic to allotrio-
blastic medium-grained, inequigranular texture (Figure 3).  The m icas 
usually show diverse attitu des along ir regular bands that only generally 
define the foliation. The da rk ba nds in the gneiss consist of dark brown, 
subhedral biotite flakes about 1 m m long. Along with the b iotite, si l l i-
manite occurs as irregular bundles of euhedral f ibers. Muscovite i s 
subsidiary to the b iotite and app ears contemporaneous (?).  There is a 
tendency fo r the mu scovite to crosscut the b iotite flakes, but this 
effect is not pro nounced. The l ight-colored layers in the gneiss consist 
of an equig ranular mo saic of quartz, plagioclase (oligoclase),  and rn icro-
cline in grains about 1/2 mm in size with sutured boun daries. The 
feldspars are usually twinned an d unaltered. Infrequently garnet and 
hornblende occ ur as accessory miner als or in minor quantity, but only i n 
" I  U \JU 
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F i g u r e  3 .  P h o t o m i c r o g r a p h  o f  s i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s .  T h i s  
s p e c i m e n  c o n s i s t s  m a i n l y  o f  4 5 %  q u a r t z  ( q )  a n d  2 5 %  b i o t i t e  
( b ) .  P a r t l y  c r o s s e d  p o l a r s .  T h e  m o d e  o f  t h i s  s p e c i m e n  
( G 6 5 - 1 3 4 )  i s  g i v e n  i n  T a b l e  1 .  
I  - ! 2 0 2  
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a  l i m i t e d  a m o u n t  o f  t h e  o u t c r o p .  M a g n e t i t e ,  a p a t i t e ,  a n d  z i r c o n  ( ? )  
o c c u r  i n  t r a c e  a m o u n t s .  T h e  f i n e - g r a i n e d  v a r i e t i e s  o f  t h e  u n i t  t h a t  
c o n s i s t  o f  m i c a c e o u s  q u a r t z i t e  h a v e  a n  e q u i g r a n u l a r ,  x e n o b l a s t i c  t e x t u r e  
a n d  c o n s i s t  o f  q u a r t z ,  p l a g i o c l a s e ,  m i c r o c l i n e ,  a n d  b i o t i t e  i n  g r a i n s  
a b o u t  1 / 2  m m  i n  d i a m e t e r .  T h e  o n l y  m i n e r a l o g i c a l  c h a n g e  i n  t h e  t r a n s i ­
t i o n  f r o m  t h e  d a r k  g n e i s s i c  v a r i e t i e s  t o  t h e  m i c a c e o u s  q u a r t z i t e  i s  t h e  
l o s s  o f  t h e  b i o t i t e  a n d  s i l l i m a n i t e ;  t h e  t e x t u r e s  o f  t h e  l i g h t - c o l o r e d  
m i n e r a l s  r e m a i n  t h e  s a m e  i n  a l l  v a r i e t i e s  o f  t h i s  u n i t .  
I n  a  f e w  l o c a l i t i e s ,  t h e  f i n e - g r a i n e d  m i c a c e o u s  q u a r t z i t e  
v a r i e t y  o f  t h i s  u n i t  c o n t a i n s  s c a t t e r e d  o v o i d  m a s s e s  u p  t o  5  c m  i n  l e n g t h  
t h a t  a r e  c o n v e n i e n t l y  d e s c r i b e d  a s  " p e b b l e s "  ( F i g u r e  4 ) .  T h e  o r i g i n  o f  
t h e s e  " p e b b l e s "  c a n n o t  b e  d e t e r m i n e d  w i t h  c e r t a i n t y .  G e n e r a l l y  t h e  
" p e b b l e s "  c o n s i s t  o n l y  o f  q u a r t z  a n d  s i l l i m a n i t e  ( F i g u r e  5 ) .  T h e  q u a r t z  
o c c u r s  i n  a n h e d r a l  g r a i n s  1 / 2  t o  1  m m  i n  d i a m e t e r ,  w i t h  s c a t t e r e d  g r a i n s  
a n d  b u n d l e s  o f  s i l l i m a n i t e  f i b e r s .  T h e  r a t i o  o f  t h e  q u a r t z  t o  t h e  s i l l i ­
m a n i t e  i s  a b o u t  6 5 : 3 5 ,  b u t  t h i s  r a t i o  m a y  v a r y  w i d e l y .  T h e  s i l l i m a n i t e  
f i b e r s  a r e  r o u g h l y  a l i g n e d  w i t h  t h e  f o l i a t i o n  o f  t h e  m a s s  o f  t h e  r o c k ,  
b u t  t h e y  d o  n o t  f o r m  d e f i n i t e  l a y e r s .  O n  o n e  h a n d ,  t h e s e  " p e b b l e s "  m a y  
b e  t h e  r e s u l t  o f  m e t a m o r p h i c  s e g r e g a t i o n  a k i n  t o  t h e  c o m m o n  d e v e l o p m e n t  
o f  a u g e n s  i n  m e t a m o r p h i c  r o c k s .  L o v e r i n g  ( 1 9 5 8 ,  p .  7 ) ,  w h o  w o r k e d  i n  a n d  
t o  t h e  s o u t h w e s t  o f  t h i s  a r e a ,  i n d i c a t e d  t h a t  t h e y  " s u g g e s t  t h e  d e v e l o p ­
m e n t  o f  k n o t t e d  s c h i s t  r a t h e r  t h a n  t h e  m a s h i n g  o f  a n  o r i g i n a l  c o n g l o m e r a t e .  
A l t e r n a t e l y ,  t h e  " p e b b l e s "  m a y  a c t u a l l y  r e p r e s e n t  a  m e t a m o r p h o s e d  c o n ­
g l o m e r a t e .  S p u r r ,  G a r r e y ,  a n d  B a l l  ( 1 9 0 9 ,  p .  1 7 7 )  a s c r i b e d  t h e  o r i g i n  o f  
t h e s e  " p e b b l e s "  t o  s u c h  a n  o r i g i n .  T h e  q u a r t z  ( S i O g )  a n d  s i l l i m a n i t e  
( A l 2 S i 0 5 )  c o n f o r m  t o  t h e  m a j o r  e l e m e n t s  i n  a  w i d e  v a r i e t y  o f  s e d i m e n t a r y  
I - I (S3 eL 
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Figure 4.  "Pebbie"-bearing examples of  s i  11 imam't ic  biot i te-quartz 
gneiss .  The mode for  sample G65-147 is  given in Table 1 .  
Figure 6 is  a photomicrograph of  G65--199.  
I - i 1'-V)C 
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F i g u r e  5 .  P h o t o m i c r o g r a p h  o f  a  s i  1 1 i m a n i t e - q u a r t z  ( 5 0 - 5 0 )  " p e b b l e "  i n  
s t i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s .  T h e  " p e b b l e "  i s  o u t ­
l i n e d .  T h e  h a n d  s p e c i m e n  o f  t h i s  r o c k  ( G 6 5 - 1 9 9 )  i s  s h o w n  i n  
F i g u r e  4 .  P h o t o g r a p h  t a k e n  w i t h  p a r t l y  c r o s s e d  p o l a r s .  
t  "  I L UC-
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r o c k s  i n c l u d i n g  s h a l e s  a n d  s a n d s t o n e s  ( P e t t i j o h n ,  1 9 5 7 ) .  H o w e v e r ,  t h e r e  
c e r t a i n l y  w a s  s o m e  r e a r r a n g e m e n t  o f  t h e  e l e m e n t s  w i t h i n  t h e s e  " p e b b l e s , "  
a s  i s  i n d i c a t e d  b y  t h e  c o m m o n  p r e s e n c e  o f  d a r k ,  b i o t i t e - r i c h  r i m s  a r o u n d  
s o m e  o f  t h e  " p e b b l e s "  ( F i g u r e  4 ) .  I t  i s  a l s o  d i f f i c u l t  t o  a c c o u n t  f o r  
t h e  p r e s e n c e  o f  t h e s e  i s o l a t e d  " p e b b l e s "  i n  t h e  f i n e - g r a i n e d  m a s s  o f  t h e  
r o c k .  I n  C o a l  C r e e k  C a n y o n  a b o u t  3 0  m i l e s  n o r t h e a s t  o f  S i l v e r  P l u m e ,  a  
c o n g l o m e r a t i c  p h a s e  o f  t h e  P r e c a m b r i a n  C o a l  C r e e k  q u a r t z i t e  h a s  r e t a i n e d  
i t s  s e d i m e n t a r y  s t r u c t u r e s  a t  l e a s t  l o c a l l y  ( W e l l s  a n d  o t h e r s ,  1 9 6 4 ) ,  a n d  
n u m e r o u s  o t h e r  e x a m p l e s  o f  c o n g l o m e r a t e s  t h a t  r e t a i n e d  t h e i r  s e d i m e n t a r y  
t e x t u r e s  h a v e  b e e n  d e s c r i b e d  t h r o u g h o u t  t h e  w o r l d  ( f o r  a  s h o r t  s u m m a r y ,  
s e e  W h i t t e n ,  1 9 6 6 ,  p .  2 6 8 - 2 8 7 ) .  I f  t h e  " p e b b l e s "  a r e  r e l a t e d  t o  a  c o n ­
g l o m e r a t i c  v a r i e t y  o f  t h e  s i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s ,  t h e y  
p o s s i b l y  c o u l d  g i v e  a  s t r a t i g r a p h i c  h o r i z o n  t r a c e a b l e  o v e r  a  w i d e r  a r e a  
o f  t h e  F r o n t  R a n g e .  
T h e  " p e b b l e " - b e a r i n g  r o c k  h a s  n o t  b e e n  s e e n  i n  o u t c r o p  b u t  
o c c u r s  a s  s c a t t e r e d  f l o a t  i n  u p p e r  B r o w n  G u l c h .  M u c h  m o r e  f r e q u e n t l y ,  
t h o u g h ,  t h e  q u a r t z o s e  v a r i e t y  o f  s i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s  a n d  
o c c a s i o n a l l y  t h e  m o r e  g n e i s s i c  v a r i e t i e s  o f  t h i s  u n i t  c o n t a i n  o v a l  d i s k s  
u p  t o  8  c m  l o n g  a n d  a b o u t  1  t o  4  m m  t h i c k ,  w h i c h  a r e  p o s s i b l y  t h e  
f l a t t e n e d  e q u i v a l e n t s  o f  t h e  " p e b b l e s "  ( F i g u r e  6 ) .  G e n e r a l l y ,  t h e s e  
d i s k s  o c c u r  i n  i r r e g u l a r  b a n d s  u p  t o  2 0  f e e t  o r  m o r e  t h i c k  a n d  5 0  f e e t  
a l o n g  t h e  s t r i k e ,  w i t h  l e s s  t h a n  1 0  p e r c e n t  o f  t h e  u n i t  c o n s i s t i n g  o f  t h e  
d i s k s .  T h e  d i s k s  c o n s i s t  o f  q u a r t z  a n d  s i l l i m a n i t e  a s  t h e  " p e b b l e s . "  
P e t r o g r a p h y  o f  m i c a c e o u s  q u a r t z  g n e i s s  
I n  h a n d  s p e c i m e n ,  t h e  m i c a c e o u s  q u a r t z  g n e i s s  a p p e a r s  a s  a  
- \zoz 
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F i g u r e  6 .  D i s c o i d  m a s s e s  o f  q u a r t z  a n d  s i l l i m a n i t e  i n  t h e  s i i l i m a n i t i c  
b i o t i t e - q u a r t z  g n e i s s .  P o s s i b l y  r e l a t e d  t o  t h e  " p e b b l e s "  o f  
F i g u r e  4 .  
i - 3 r -\jc. 
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w e a k l y  t o  m o d e r a t e l y  f o l i a t e d ,  l i g h t - g r e y ,  me d i u m- g r a i ne d  r o c k .  I t  
v a r i e s  f r o m  a  f i n e - g r a i n e d  n o n f o l i a t e d  q u a r t z i t e  a l m o s t  d e v o i d  o f  m i c a s  
t o  a  m i c a ce o u s  q u a r t z i t e  w i t h  a  s a l t - a n d - p e p p e r  t e x t u r e .  T h e  m i c a c e o u s  
q u a r t z  g n e i s s  i s  t r a n s i t i o n a l  i n t o  v a r i e t i e s  o f  t h e  s i l l i m a n i t i c  b i o t i t e -
q u a r t z  g n e i s s .  T h e  v a r i e t y  w i t h  t h e  s a l t - a n d - p e p p e r  t e x t u r e  a l s o  c o n ­
t a i n s  t h e  o v o i d  d i s k s  o f  q u a r t z  a n d  s i l l i m a n i t e  d i s cu s s e d  i n  t h e  p r e v i ou s  
s e c t i o n .  M o de s  f o r  s o m e  r e p r e s e n t a t i v e  s a mp l e s  o f  m i c a c e o u s  q u a r t z  g n e i s s  
a r e  g i v e n  i n  T ab l e  2 .  
I n  t h i n  s e c t i o n ,  t h e  m i c a c e o u s  q u a r t z  g n e i s s  a p p e a r s  a s  a 
m o s a i c  o f  p l a g i o c l a s e  ( o l i g o c l a s e ) ,  m i c r o c l i n e ,  q u a r t z ,  a n d  m i c a  w i t h  
s u t u r e d  b o u n d a r i e s .  T h e  t e x t u r e  i s  e q u i g r a n u l a r  g r a n o b l a s t i c  t o  x e n o -
b l a s t i c ,  w i t h  a  g r a i n  s i z e  t h a t  v a r i e s  f r o m  1 / 4  t o  1 /2  m m  ( F i g u r e  7 ) .  
T h e  q u a r t z  i n v a r i a b l y  s h o w s  p r o m i n e n t  u n d u l a t o r y  e x t i n c t i o n .  T h e  p l a g i o ­
c l a s e  c o m m o n l y ,  b u t  n o t  i n v a r i a b l y ,  s ho ws  a ! b i t e  t w in n i n g ,  a n d  t h e  m i c r o ­
c l i n e  s ho w s  q u a d r i l l e  t w i n n i n g .  T h e  p l a g i o c l a s e  a l w a y s  s h o w s  s o m e  
d e v e l o p m e n t  o f  f i n e - g r a i n e d  s e r i c i t e  a l t h o u g h  t h e  p l a g i o c l a s e  t w i n n i n g  
c a n  a l w a y s  b e  d i s t i n g u i s h e d .  T h e  b i o t i t e  a n d  m u s c o v i t e  o c c u r  i n  r a g g e d ,  
s u b h e d r a l  g r a i n s  a b o u t  1 / 2  mm  i n  l e n g t h  a n d  r a r e l y  u p  t o  1  m m  i n  l e n g t h .  
B o t h  m i c a s  a p p e a r  f r e s h ,  b u t  t h e  m u s c o v i t e  f r e q u e n t l y  c u t s  t h e  b i o t i t e  a t  
a n  a n g l e  o b l i q u e  t o  t h e  f o l i a t i o n .  H ow e v e r ,  t h e  f o l i a t i o n  i s  n o t  w e l l  
d e f i n e d ,  a n d  n e i t h e r  o f  t h e  m i c as  a r e  s t r i c t l y  a l i g n e d  w i t h  t h e  f o l i a t i o n .  
T h e  s i l l i m a n i t e  o c c u r s  a s  f i b r o u s  a g g r e ga t e s  g e n e r a l l y  a s s o c i a t e d  w i t h  
m us c o v i t e ,  b u t  d e f i n i t e  l a y e r s  o f  t h e  m i c a s  a n d  s i l l i m a n i t e  a r e  n o t  
d e v e l o p e d .  S o m e  v a r i e t i e s  m a y  c o n t a i n  u p  t o  1  p e r c e n t  m a g n e t i t e  g r a i n s  
l e s s  t h a n  5  m m  i n  s i z e  s c a t t e r e d  t h r o u g h  t h e  r o c k ,  a n d  a p a t i t e  a n d  z i r c o n  
a r e  c o m m o n l y  p r e s e n t  i n  t r a c e  a m o u n t s .  













































fd ^ ,  
0 r-x 




























CO LO CM 
CO I— I I 
CM 
CO i— 00 CM CM •M" 
LO CM r— 
LO CM CD CM i 
•=d~ CM I— 
I S— I 
I I— 1— I 
CO O OO CM 
CM i— «— 
G G 
 ̂CO CO CO CM CO I 
CM 
I N CO NCM 
I i—- i— i— r—• 
CD CD 
CD CO P 
C nj cD * r- CD 
•t— ,— p c p 
I—• O 0 T- rd *i— CD 
N CJ O P > E P P -P CD 
P O *r- *i— O *r~ CD CD *i— CZ 
G G CJ>-P Or— G G 4-3 aj 
rd O 03 O LO I— G CO P JZ 
Z5 "1 »— *i— 3 «r- rd id O. CL 
a^tx LQ 0 s:<(^ 
• • • 
— — _ 
O O O 
O LO G O 
O CM rd CM 
** « * 
O 1— P 1— 
t—— 1— rd 1— 
P P JZ P 
13 3 P 3 
O O 3 O 
-Q _Q O -Q 
03 rd CO rd 
P P O P # 
0 O P O P 
G 
e G G G CD 
0 O O E •r— •1—• 0 •r— 3 
P P ~o P G 
rd rd rd O > > <z > s a) CD • •1— CD 
r— 1— rd rd 1—- G 
CD CD CD P CD •r— • 
G G P P 
C G rd 3 G P G 
rd rd O 03 •r— CD 
G G s -P P •r— P CD 3 
rd rd G rd G 
CL rd CD O 
JZ CD O O JZ JZ s 
CJ CD G •J— CJ P 
I— -a O r— 1—• G 
3 •r— P JO 3 P «i— 
CD G 13 3 CD O P 
O CL P 
X CT) CD G P "r— 
1—• G O C£ O CO G 
CD O P rd CD > 1— E G CD 
•r— rd O CD CD 
JZ • G -X — JZ 
OO g JZ P G O P 
•r- CJ •r- O tp rd 1—• G Q_ c{— 
O P 3 5 O 
G CD O G >> 
P 3 ~a CD 1—• UJ 
CO O G CL CD 
rd S 3£ CJ) Q. P 
CD O G 3 rd 
G G •i— E «. 
— co -a G •r— O 
O O G •r— X O 
O S- G CD 0 O 
r— O CQ CD P O. G 
r— O- X O Q-
>> 
rP Q. CD G O. 
O 3 • CJ rd r~— 
1—• CJ - 4-J CD 
CD -a G CDO 3 r— 4-J 
P g •r— "O O O •1— rd 
rd CD •1— rd E 
E P G * ~o G *r-
•i— p rd r— CD P X 
X CO O CJ)i— P 0 
O rd r— G rd CJ) G 
G CD P O P 1— G O-
Q- 1— 3 a O CL 
Q- G CO <C O CO <C 
C 0 < -Q 1—1 < 
 ̂03 ^—N 
-—* CM s ,—> 
CO O • P 
CO • • LO O • • CM 
• CO CO 1—• LO CD 1—• 
CO 1—• CM Z G 1— Z 
2: Z O 2 c-l •J— rt «N 
»r\ r\ r> LO P r> LO CM 
to CO • 03 CD 
• • • > • LO 
LO 00 LO 1— CD r— r— 1—• 
UJ LU LU LjJ r— LiJ UJ LU x ** CD 








Figure 7 .  Photomicrograph of micaceous quartz gneiss. The m ode for this 
specimen (G65-25)  is given in Table 2.  The rock consists 
mainly of quartz,  plagioclase, and b ioti te (60-33-5).  
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Hornblendite 
Small  i rregular bodies of hornblendite occur throughout the 
mapped area,  but most occur in the southeast  quarter.  The hornblendite 
bodies consist  of dark-green, medium- to coarse-grained hornblende.  Fre­
quently the masses show an irregular rim of foliated rock up to 50 feet  
wide that  have up to 10 percent of l ight-colored plagioclase layers along 
the foliat ion.  In many of the occurrences,  the hornblendite shows irreg­
ular gradational contacts into the metamorphic wall  rocks.  The transit ion 
is  from the usual hornblende-deficient metamorphic rocks,  to a hornblende-
rich gneiss ,  to the foliated plagioclase-hornblende rock, to the main 
mass of the hornblendite bodies which consist  mainly of green hornblende.  
This transit ional zone was seen in only a few locations but is  generally 
less than 50 feet  thick.  
In a single locali ty,  the hornblendite intrudes s i l l imanit ic 
biot i te-quartz gneiss in a dike about 24 inches thick (E23.5,  If/ .5).  I t  
is  thus younger than the metamorphic rocks.  The prominent body of horn­
blendite that  occurs between the portals of the Burleigh and Mendota 
tunnels is  cut by a number of pegmatite dikes up to 24 inches thick.  
These planar dikes are probably related to the Silver Plume G ranite,  and 
thus the hornblendite is  older than the granite.  The foliat ion at  the 
borders of the hornblendite masses are at tr ibuted to the local metamorphic 
effects of the emplacement of the Silver Plume G ranite.  Since hornblende 
may p ersist  well  into the high-grade facies of metamorphism, the tempera­
ture of the intrusion of the granite was probably insufficient to produce 
more th an local metamorphic e ffects in the hornblendite masses.  Because 
I - I CJC 
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the lornblendite intrudes metamorphic rocks in at least a single locality, 
and bec ause of its occurrence as widely scattered small masses, it is 
considered to be of igneous origin. 
The hornblende occurs as subhedral to euhedral grains that 
range in size from 1/2 mm to more than 1 cm i n diameter. The plagioclase 
(andesine) occurs in discrete layers up to several millimeters in thick­
ness in the foliated varieties of the hornblendite. Plagioclase also 
occurs in minor, variable quantities in the more massive hornblendite, 
with subsidiary quartz in anhedral grains about 0.3 mm in diameter with 
sutured boundaries. The plagioclase is invariably highly altered to 
fine-grained epidote, calcite, and s ericite almost to the point of com­
plete loss of the plagioclase textures. In the less altered plagioclase, 
zoning is frequently present. Sphene is present in all of the hornblend-
ite and ma y be present in amounts up to 2 percent of the rock as subhedral 
to anhedral grains up to 1/2 mm in diameter. Magnetite is also present 
in all of the thin sections examined and m ay compose 4 percent of the 
rock. The m agnetite occurs as anhedral grains up to 0.2 mm in diameter 
in the interstices of the hornblende and as poikilitic "dust" roughly 
oriented along the cleavage of the hornblende. Biotite is not present in 
the bulk of the hornblendite bodies, but the rocks in the transitional 
zones at the borders show in creasing amounts of biotite out into the meta-
njorphic rocks. Occasionally, minor amounts of microcline can be seen with 
the plagioclase. 
J  - i c u l  
33 
Si 1 ver P1 time 6ranite 
Two main varieties of Silver Plume G ranite were separated on 
the basis of f ield l i thology. They consist  of a seriate and a trachytoid 
variety.  Only rarely do they show o ther than gradational contacts with 
each o ther ,  and they are considered to be of equivalent age.  Both varie­
t ies conform to most definit ions of a granite in the narrow sense rather 
than a quartz monzonite as shown by the modes given in Table 3 for a 
number of selected samples of the granite in the area.  There is  a tend­
ency f or the seriate variety to have a higher rat io of plagioclase to 
microcline than the trachytoid variety,  but the microcline greatly pre­
dominates ever the plagioclase in both varieties.  
The term "Silver Plume Granite" has been applied to supposedly 
equivalent rocks throughout the Front Range and into at  least  the Gore 
and Park Ranges.  For instance at  Climax, Colorado, Wallace and others 
(1960, p.  239-242),  separate three varieties of Silver Plume G ranite.  
Even though some of these "Silver Plume" granites in other locali t ies 
have appro ximately the same age based on isotopic dating (Hutchinson and 
Hedge, 1 967),  others are of unknown, i f  not debatable,  equivalence.  The 
U. S.  Geological  Survey now u ses the designation "bioti te-muscovite 
granite" for igneous rocks that  are undoubtedly equivalent in l i thology 
and probably age to the Silver Plume G ranite in locali t ies within f ive 
miles of the Silver Plume area.  
K-Ar ages on the biotite in the Silver Plume G ranite in the 
quarry west of Silver Plume g ive consistent values of from 1 .21 to 1.26 
b.y. ,  while Rb-Sr a ges on the bioti te give somewhat older values of about 
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1.35 b.y. (Aldrich and others,  1958; Griffin and Kulp, I960).  However,  
more recent age d eterminations by t he more reliable Rb-Sr whole-rock 
method on Front Range granites,  which gave s imilar biotite ages, indicate 
an age of 1.40-1.45 b.y. is more nearly correct (Hutchinson and Hedge, 
1957). 
A nu mber of other variations in the Silver Plume Granite were 
also seen. Infrequently, the seriate variety may reach a coarse-grained 
size or become fine grained. The best example of the fine-grained variety 
occurs in the bed of Brown Gulc h approximately 150 feet west of the 
Dundenberg mine (E-12.2, N-7.5).  This exposure is particularly inter­
esting in that i t  is the only example found of intrusive contacts between 
different varieties of granite (Figure 8).  The trachytoid Silver Plume 
Granite intrudes the fine-grained variety of the seriate granites as 
irregular feeder dikes. These di kes of trachytoid granite have a folia­
tion defined by tabular microcline crystals oriented parallel  to the 
contacts.  
The distribution of the trachytoid variety with respect to the 
seriate variety of the granite (Plate 1) suggests that the trachytoid 
variety represents the border of a small irregular stock of the seriate 
variety. The seriate variety forms a relatively continuous body in the 
southwest portion of the area while the trachytoid granite forms numerous 
small irregular bodies in adjacent areas.  The stock of the seriate 
variety is not extensive to the south. On the ridge along Pendleton Moun­
tain approximately 1 mile south of the mapped area, the trachytoid, rather 
than the seriate variety, is exposed in intimate association with the meta-
morphic rocks. Both the seriate and the trachytoid varieties conform to 
I  -  I  L U L  
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F i g u r e  8 .  I n t r u s i o n  o f  t r a c h y t o i d  S i l v e r  P l u m e  G r a n i t e  ( g t )  i n t o  s e r i a t e  
S i l v e r  P l u m e  G r a n i t e  ( g ) .  T h e  e x p o s u r e  o c c u r s  i n  B r o w n  G u l c h  
j u s t  t o  t h e  w e s t  o f  t h e  D u n d e n b e r g  M i n e  ( E  1 2 . 1 ,  N  7 . 2 ) .  
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B u d d i n g t o n ' s  ( 1 9 5 9 )  m e s o z o n a l  t y p e  p l u t o n s ,  w h i c h  i n d i c a t e s  a  d e p t h  o f  
e m p l a c e m e n t  o f  5  t o  9  m i l e s .  
T h e  s t r u c t u r e  o f  t h e  m e t a m o r p h i c  r o c k s  ( d i s c u s s e d  i n  m o r e  
d e t a i l  i n  p .  5 3 - 5 8 )  s u g g e s t s  t h a t  t h e  i n t r u s i o n  o f  t h e  S i l v e r  P l u m e  G r a n i t e  
d i s t o r t e d  t h e  p r e - e x i s t i n g  m e t a m o r p h i c  f o l d s .  H o w e v e r ,  i n  v i e w  o f  t h e  
i n t i m a t e  a s s o c i a t i o n  o f  t h e  g r a n i t e  a n d  t h e  m e t a m o r p h i c  r o c k s ,  i t  i s  
s u r p r i s i n g  t h a t  t h e  r e o r i e n t a t i o n  o f  t h e  m e t a m o r p h i c  s t r u c t u r e s  w a s  r e l a ­
t i v e l y  s o  w e a k .  A l t h o u g h  m o s t  o f  t h e  m e t a m o r p h i c  r o c k s  w e r e  a t  l e a s t  
w e a k l y  m i g m a t i z e d  b y  i n t r u s i o n  o f  t h e  S i l v e r  P l u m e  G r a n i t e ,  t h e  f o l i a t i o n  
a n d  l i n e a t i n g  s t i l l  r e t a i n  e a s i l y  d i s c e r n i b l e  p a t t e r n s  ( P l a t e  3 ) .  T h e  
c o n c l u s i o n  w o u l d  s e e m  t o  b e  t h a t  t h e  i n t r u s i o n  o f  t h e  g r a n i t e  w a s  r e l a ­
t i v e l y  p a s s i v e .  F o l l o w i n g  t h i s  r e a s o n i n g ,  i t  i s  d i f f i c u l t  t o  s e e  h o w  
t h e s e  r e l a t i o n s h i p s  c o u l d  h a v e  o c c u r r e d  w i t h o u t  s o m e  k i n d  o f  m a g m a t i c  
s t o p i n g .  T h e  a l t e r n a t i v e  o f  a  m e t a s o m a t i c  o r  a n a t e c t i c  o r i g i n  f o r  t h e  
g r a n i t e  i s  e f f e c t i v e l y  r u l e d  o u t  b y  t h e  d i s p a r i t y  i n  t h e  a g e s  o f  t h e  
g r a n i t e  a n d  t h e  m e t a m o r p h i c  r o c k s .  
P e t r o g r a p h y  o f  s e r i a t e  S i  T v e r  P 1 u m e  G r a n i t e  
T h e  s e r i a t e  v a r i e t y  o f  t h e  S i l v e r  P l u m e  G r a n i t e  i s  a  m e d i u m -
g r a i n e d  h y p i d i o m o r p h i c  i n e q u i g r a n u l a r  r o c k  ( F i g u r e  9 ) .  A l t h o u g h  t h e  o v e r ­
a l l  g r a i n  s i z e  o f  t h e  m i n e r a l  i n  t h e  s e r i a t e  v a r i e t i e s  s h o w s  a  g r a d a t i o n  
i n  s i z e ,  t h e r e  i s  a  d i s t i n c t  v a r i a t i o n  i n  t h e  g r a i n  s i z e  o f  t h e  d i f f e r e n t  
m i n e r a l  s p e c i e s .  M o s t  o f  t h e  f e l d s p a r  i s  p e r t h i t i c ,  s u b h e d r a l  t o  a n h e d r a l  
m i c r o c l i n e  u p  t o  5  mm  i n  l e n g t h .  Q u a d r i l l e  t w i n n i n g  i s  v e r y  p r o m i n e n t ,  
a n d  C a r l s b a d  t w i n s  c a n  b e  s e e n  e v e n  i n  h a n d  s p e c i m e n s .  T h e  p l a g i o -
c l a s e  ( o l i g o c l a s e )  h a s  m o d e r a t e l y  d e v e l o p e d  p o l y s y n t h e t i c  a l b i t e  
S - 1 2 0 2  
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F i g u r e  9 .  P h o t o m i c r o g r a p h  o f  s e r i a t e  Si l v e r  P l u m e  G r a n i t e  f r o m  t h e  q u a r r y  
a b o u t  1 / 2  m i l e  w e s t  o f  S i l v e r  P l u m e .  M i c r o c l i n e  ( m ) ,  p l a g i o -
c l a s e  ( p ) ,  a n d  q u a r t z  ( q )  a r e  i n d i c a t e d .  P a r t l y  c r o s s e d  p o l a r s .  
T h e  m o d e  f o r  t h i s  s p e c i m e n  ( G 6 5 - 4 8 )  i s  g i v e n  i n  T a b l e  3 .  
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twins and frequently Carlsbad twins.  Much of the plagioclase shows the 
development of f ine-grained rnuscovite ("sericite") and possibly kaolinite 
that  serves to outline the twin planes.  The development of plagioclase 
al teration is  so pervasive in what appears to be fresh rock from through­
out the area that  i t  more l ikely is  an autometamorphic rather than a 
weathering effect .  Rims of albite less than 0.01 mm thi ck commonly 
develop around the plagioclase grains,  and irregular masses of mymekite 
are frequently found at  the contact  of the plagioclase and microcline.  
Arshedra! quartz grains show a wide range in size from a maximum of about 
1 mm in diameter to the submicroscopic.  The q uartz occurs as poikil i t ic 
grains in the feldspars but more commonly as aggregates of grains with 
sutured boundaries in the interst ices of the feldspar grains.  Quartz can 
be easily recognized by the persistent development of strain shadows and 
the presence cf very f ine needles of intergrown rut i le.  Both rnuscovite 
and biotite are present in subhedral  grains about 1/2 mm in length and 
appear to be contemporaneous.  The biotite is  present as greenish brown 
to dark-brown ragged flakes associated with accessory magnetite along the 
bioti te cleavage.  The m agneti te content of the seriate granite may r each 
2 percent in exceptional cases,  but i t  is  usually present only in trace 
amounts with apatite and zircon. 
Petrography of trachytoid Si 1 ver P1ume Granite 
The f oliated variety of Silver Plume G ranite shows a dist inct  
porphyrit ic development of microcline.  The foliat ion is  defined by the 
orientation of tabular subhedral  to euhedral  microcline grains up to 
10 mm in length.  Carlsbad and quadri l le twinning are invariably developed 
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i r i  the microc l ine grains. The s ize and deg ree of crystal development of 
the quartz, biot i te, and mu scovite are mu ch the same as in the seriate 
variety. Rarely do an y of the grains exceed 1 m m in diameter (Figure 10). 
The plagioclase is dist inct ly more a ltered to "sericite" than t hat in the 
seriate, and fr equently ' the plagioclase is almost total ly replaced. The 
accessory minerals are also much the same as those i n the seriate variety, 
although the magne ti te content i s noticeably higher in the trachvtoid 
variety (Table 3 ). 
A n umber o f specimens of the trachytoid Si lver Plume Granite 
show exc el lent development of mortar structures (Figure 11). Most o f the 
trachytoid granite also shows the development of an add it ional primary ( ?) 
fol iat ion marked b y the orientation of micas and w eak c ataclasis (Figure 11). 
In most inst ances, this weak cataclasis is roughly al igned with the long 
axis of the tabular microcl ine crystals. This weak cataclasis is not 
unique to the S i lver Plume area but has been no ted widely in the recent 
!J. S. Geological Survey work i n the Central City-Idaho Springs-Lawson area 
(for example, Harr ison and Wells, 1959, p . 18-20). 
Pegmatites 
Two di st inct types of petmati tes were noted i n the f ield. They 
are pegmati te dikes intruding Si lver Plume Granite and t hin irregular 
layers and lense s of conformable pegmati te in the me tamorphic rocks. Both 
types consist mainly of microcl ine, albite-to-ol igoclase plagioclase, 
quartz, and mu scovite. The gr ain size varies considerably. Occasional ly 
muscovite bo oks and feldspar crystals measure as m uch as 8 inches in 
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F i g u r e  1 0 .  P h o t o m i c r o g r a p h  o f  t r a c h y t o i d  S i l v e r  P l u m e  G r a n i t e .  T h e  
f o l i a t i o n  i s  d e f i n e d  b y  t h e  s u b - p a r a l l e l  o r i e n t a t i o n  o f  t h e  
m i c r o c l i n e  ( m ) .  T h e  q u a r t z  ( q ) ,  p a r t l y  a l t e r e d  p l a g i o c l a s e  
( p ) ,  a n d  t h e  m i c a s  o c c u r  m a i n l y  i n  t h e  i n t e r s t i c e s  o f  t h e  
m i c r o c l i n e .  T h e  m o d e  o f  t h i s  s p e c i m e n  ( G 6 5 - 1 0 1 )  i s  g i v e n  i n  
T a b l e  3 .  
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F i g u r e  1 1 .  M o r t a r  s t r u c t u r e  i n  p o r p h y r i n i c  t r a c h y t o i d  S i l v e r  P l u m e  
G r a n i t e .  T h e  l a r g e  c r y s t a l s  o f  m i c r o c l i n e  ( m )  s h o w  b o t h  
q u a d r i l l e  a n d  C a r l s b a d  t w i n n i n g .  T h e  q u a r t z  ( q ) ,  p l a g i o c l a s e  
( p )  a n d  t h e  m i c a s  a r e  l e s s  d i s t i n c t i v e .  P a r t l y  c r o s s e d  
p o l a r s .  T h e  m o d e  f o r  t h i s  s p e c i m e n  ( G 6 5 - 1 1 1 )  i s  q i v e n  i n  
T a b l e  3 .  
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diameter. However, the borders of the pegmatite bodies are locally 
aplitic. Only a few of the larger masses of pegmatite are shown on the 
geologic map (Plate 1). Most of the pegmatite is in bodies too small to 
be shown at this scale. 
The pegmatite dikes that occur within the Silver Plume G ranite 
are certainly later than the granite. These dikes are less than 100 feet 
in length, and ma ny a re more like lenses than dikes. They are usually 
confined to within 100 feet of the granite-metamorphic rock contact and 
are less than 18 inches thick. The origin of these pegmatite dikes is 
probably related to the end stage of the Silver Plume G ranite magmatic 
cycle. 
The other type of pegmatite is restricted to the metamorphic 
rocks within 300 feet of their contact with the Silver Plume G ranite. 
The conformable lenses and l ayers of pegmatite occur most abundantly in 
the sillimanitic biotite-quartz gneiss. Most of the lenses and layers 
are less than 12 inches thick, and they usually do not persist more than 
50 feet along strike. Infrequently, the pegmatitic layers are planar 
with sharp contacts, but most have gradational contacts with the metamor­
phic 'rocks. The origin of conformable pegmatites in metamorphic rocks is 
highly controversial. There are three main theories of origin. The first 
is that the pegmatite layers are the result of injection of the residual 
portion of a cooling magma into the foliation planes of the metamorphic 
rocks. The occurrence of the pegmatite layers adjacent to the contacts 
of the granite suggests that the conformable pegmatite in this area is 
the result of injection. However, at least one example of the conformable 
pegmatite effectively rules out an injection origin (Figure 12). This 
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i g u r e ! 2 .  S i l l i m a n i t e  ( o u t l i n e d )  
b i o t i t e - q u a r t z  g n e i s s ,  
a r e  a l s o  s i l l i m a n i t e .  
i n  a  
T h e  
p e g m a t i t i c  l a y e r  i n  s i  1 1 i m a n i t i c  
w h i t e  l e n s e s  i n  t h e  d a r k  l a y e r s  
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specimen of sil l imanitic biotite-quartz gneiss occurs about 250 feet from 
the portal of the Mendota tunnel.  The sil l imanite in the pegmatite layer 
retains i ts relationship to the si l l imanite in the body of the gneiss.  If  
the pegmatite layers were the product of forceful injection, i t  is diffi­
cult  to visualize the sil l imanite retaining i ts original orientation and 
position. A different idea is that the pegmatite layers are the result  of 
a mineralogical segregation at  the time of regional metamorphism. The 
third theory of origin is that the pegmatites are the result  of a partial  
remelting of the metamorphic rocks some time after regional metamorphism. 
Experimental work by T uttle and Bowen (1958) indicates that,  when a rock 
of almost any co ntinental type is subject to the temperature and pressure 
combination necessary to begin melting, the f irst  liquid to be given off 
has the composition of a granite or granite pegmatite.  Neither the meta­
morphic s egregation theory or the remelting theory can be ruled out with 
certainty. Either,  or both, may have produced the conformable pegmatite 
bodies observed in the field. The author tends to support the remelting 
theory mainly because the conformable pegmatites generally occur within 
300 f eet of the Silver Plume Granite.  The agent of remelting is then the 
granite.  I t  should be pointed out,  however,  that very few ou tcrops of 
metamorphic rocks within the area mapped are more than 300 feet from 
Silver Plume Granite,  and thus the observation that conformable pegmatites 
are restricted to the borders of the granite is somewhat s ubjective. The 
time of emplacement of the conformable pegmatites is  crit ical to a dis­
tinct ion between the metamorphic se gregation and remelting theories.  The 
time of emplacement is  unknown. 
In addition to the dikes and conformable pegmatites,  there are 
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a  f e w  i r r e g u l a r  m a s s e s  o f  p e g m a t i t e  s h o w n  o n  t h e  g e o l o g i c  m a p  ( P l a t e  1) .  
T h e  l a r g e s t  o f  t h e s e  o c c u r s  i n  u p p e r  B r o w n  G u l c h  a s  a n  i s o l a t e d  o u t c r o p  
a t  l e a s t  1 0 0  f e e t  i n  d i a m e t e r  ( E 1 0 . 6 ,  N 1 4 . 5 ) .  T h i s  p a r t i c u l a r  b o d y  o f  
p e g m a t i t e  i s  c u t  b y  a  d i k e  o f  t r a c h y t o i d  S i l v e r  P l u m e  G r a n i t e  1 5  f e e t  l o n g  
a n d  6  i n c h e s  w i d e ,  a n d  t h u s  t h i s  p e g m a t i t e  i s  e a r l i e r  t h a n  t h e  g r a n i t e .  
T h e  o r i g i n  o f  a l l  t h e s e  i r r e g u l a r  p e g m a t i t e  m a s s e s  i s  u n k n o w n ,  n o r  a r e  
t h e y  k n o w n  t o  b e  a s s o c i a t e d  e i t h e r  w i t h  t h e  p e g m a t i t e  d i k e s  o r  w i t h  t h e  
c o n f o r m a b l e  p e g m a t i t e .  
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TERTIARY INTRUSIVE ROCKS 
Tertiary intrusive rocks occur as dikes and small stocks 
throughout the area. They generally occur as persistent dikes less than 
20 feet thick. Two principal types can be distinguished: an alaskite 
porphyry and a quartz monzonite porphyry. The alaskite porphyry is easily 
distinguished and sho ws little lithologic variation, but the quartz mon­
zonite porphyry shows many local lithologic variations. 
Lovering (1935, p. 26-43), Lovering and Goddard (1950, p. 43-
49), and We lls (1960) present the best summaries of the Tertiary igneous 
rocks in the Front Range Min eral Belt. The igneous terminology of these 
authors has been followed primarily because of custom. It should be made 
clear, however, that all the Tertiary igneous rocks within the Silver 
Plume area texturally resemble volcanic rather than pluton rocks. They 
probably represent near-surface intrusion (possibly within 1000 feet of 
the surface in the case of the alaskite porphyry, p. 13). 
The age of the alaskite porphyry in relation to the quartz 
monzonite porphyry is not clear. Both Lovering and Goddard (1950, p. 45) 
and W ells (1960, p. 58) indicate that the quartz monzonite porphyry is the 
older. In a single exposure in upper Brown Gulch (El0.5, Ml6.3), it 
appears that a quartz monzonite porphyry dike cuts an alaskite porphyry 
dike. However, the exposure is poor, and the relationships are not 
entirely clear. The relationship would possibly indicate that at least 
one intrusion of the quartz monzonite porphyry is later than the alaskite 
porphyry. Spurr, Garrey, and B all (1908, p. 184) indicate that the order 
47 
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of intrusion is  unknown at  Silver Plume e xcept for one example in the 
Baltimore tunnel ,  where alaskite porphyry intrudes the quartz monzonite 
porphyry.  This is  the reverse of that  observed in Brown Gulch.  
There are no d ates for the quartz monzonite porphyry other 
than the general  terms "Lararnide" (Lovering and Goddard,  1950) and 
"Tertiary" (Wells,  1950).  The alaskite porphyry shows strong l ithologic 
similari t ies to the border phases of the rhyoli te masses to the south 
near Leavenworth Creek to the rhyolite stock at  the Urad mine about 5 
miles to the northwest (Taylor and King, 1967; and R. B. Taylor,  oral  
communication,  1968).  The Urad stock has been dated as Oligocena 
(Wallace,  Mackenzie,  and Blair,  1967).  Tentatively,  then,  the alaskite 
porphyry at  Silver Plume is  considered to be Oligocene also.  Thus,  the 
Pelican-Bismark vein (and probably al l  the mineralization),  which cuts the 
alaskite porphyry dike,  is  Oligocene or younger.  
Quartz Monzonite Porphyry 
The q uartz monzonite porphyry occurs in widely scattered local­
i t ies in the area as in Shively Gulch and the northward dipping dike that  
outcrops almost diagonally through the center of the area.  There are also 
stocks of quartz monzonite porphyry in the southeast  (E 24.5,  N 1.5) and 
in the northwest corners of the area (N 2 ,  N 18,  and E 5 .5,  N 21 .0).  
In hand specimen, the color of the quartz monzonite porphyry 
varies greatly.  In unaltered examples,  the color is  a l ight grey,  but 
more f requently the color varies from tan to a l ight brick red.  The tan-
T-1202 
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to-red examples do not appear part icularly al tered in hand specimen but 
are obviously so in thin section.  The percentage of phenocrysts also 
varies greatly from less than 10 to about 60 percent.  The phenocrysts 
are composed of plagioclase,  scattered orthoclase,  and bioti te,  and in 
some examples /?-quartz—all  in grains less than 5 mm in diameter .  The 
groundmass is  micioaphanatic.  The quartz monzonite porphyry may sho w 
minor textural  differences within a few hundred feet .  And over longer 
distances,  the differences are pronounced. The body in the southeast  
corner of the area has prominent subhedral  to euhedral  phenocrysts of 
j3 -quartz about 4 mm in diameter.  None of the other examples of quartz 
monzonite porphyry contains these quartz phenocrysts.  The bodies in the 
northwest corner of the area generally have less than 20 percent pheno­
crysts,  while the northward-dipping dike through the central  portion of 
the area has from 30 to 60 percent phenocrysts.  Bioti te is  visible in 
hand specimen as subhedral  f lakes up to about 2 m m in length in most of 
the quartz monzonite porphyry.  Commonly the weathered dikes show a 
closely spaced parting (Figure 13) that  is  parallel  to the dike orienta­
tion and is  probably related to cooling.  
In thin sect ion,  the original  textures of most of the samples 
have been largely obscured by a l teration.  This al teration appears to be 
autometamorphic (or possibly weathering) rather than al teration associated 
with the mineralization.  The al teration is  pervasive throughout the area 
rather than restricted to the vicinity of the veins.  A few samples were 
relatively unaltered.  These show s trongly zoned ol igoclase to andesine 
plagioclase in euhedral  to subhedral  grains up to about 5 mm in length as 
the main phenocryst  component.  Quartz was rare in the unaltered sections 
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F i g u r e  1 3 .  J o i n t s  i n  t h e  T e r t i a r y  q u a r t z  i n o n z o n i t e  p o r p h y r y  d i k e  a b o u t  
1 0 0  f e e t  n o r t h  o f  t h e  G r i f f i n  M o n u m e n t  ( E  1 3 . 2 ,  N  1 0 . 3 ) .  T h e  
d i k e  i s  a b o u t  3 0  f e e t  t h i c k  a t  t h i s  p o i n t  a n d  t h e  p r o m i n e n t  
j o i n t s  l i e  p a r a l l e l  t o  t h e  a t t i t u d e  o f  t h e  d i k e .  
i- \ zvz  
51 
examined. Brown subhedral biotite and a few gra ins of anhedral orthoclase 
(?) up t o 2 m m in diameter occur throughout this unit .  X-ray powder 
patterns were ma de of a number of samples of the groundmass. Quartz was 
the dominant constituent in all  the patterns; orthoclase occurred in some 
as well  as the alteration products of the feldspars.  In the altered 
quartz monzonite porphyry, the feldspar phenocrysts were largely replaced 
by kaolinite,  or in some cases,  fine-grained muscovite ("sericite").  
Calcite and epidote occur locally,  but the quartz remains unaltered. 
Alas kite Porphyry 
The most prominent dike of alas kite porphyry occurs in con­
junction with the Pelican-Bismark fault-vein-dike zone (occurs diagonally 
across the area from northwest to southeast),  where i t  may reach a thick­
ness of more than 100 fe et in the deeper workings (Plates 1 and 2).  This 
dike is much thinner in the few localit ies in which i t  outcrops. Alaskite 
porphyry a lso occurs along the borders of several quartz monzonite por­
phyry d ikes as distinct selvages at  the top of Shively Gulch (E 5,  N 16) 
and in several thin dikes in the southeast corner of the area (E 25.5, 
N 1.5).  
Alaskite porphyry is a very distinct l ight-grey to reddish 
light-grey rock. The texture ranges from s lightly porphyritic with less 
than 5 percent altered phenocrysts about 2 m m in diameter in an aphanitic 
groundmass, to a purely aphanitic variety. In the dikes in the southwest 
corner of the area, i t  is nonporphyritic,  almost glassy, and contains 
prominent flow banding. The alaskite porphyry breaks into irregular 
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subconchoidal fragments,  and the broken surfaces have the appearance of 
porcelain.  
The feldspar phenocrysts are almost completely al tered to 
white masses of kaolinite throughout the area.  Microscopically,  the 
minerals in the groundmass cannot be identified.  X-ray powder photographs 
indicate that  the major mineral  in the groundmass is  quartz together with 
minor kaolinite.  Kaolinite is  also the only major mineral  in the altered 
phenocrysts,  as verif ied by x-ray powder photographs.  Alas kite porphyry 
in nearby areas contains sanidine as the K-feldspar of the phenocrysts 
(Lovering and Goddard,  1950, p.  46; and Wells,  1960, p.  34).  
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STRUCTURE 
Foliation and Lineation 
The or ientation of the foliation within the area (Plate 3) 
shows a wel l  defined, i f  diffuse, large circle girdle with a /3-axis 
roughly coincident wit h the l ineation ( /? -axis = normal to the g reat 
circle through the poles of the foliation. The /3-  axis is coincident 
with the Et-axis, the fold axis, in this case.) However, there are a 
number o f problems in defining the structure in the me tamorphic rock s 
within the area: 
(1) The m etamorphic rock u nit (sil l imanitic biotite-gneiss 
and m icaceous quartz gneiss) shows gradational contacts, 
and the contacts shown on the geologic m ap (Plate 1) are 
extremely subjective. 
(2) The in trusion of the S ilver Plume Granite separates the 
metamorphic roc ks into isolated masses. 
(3) The intrusion of the granite also developed a zone of 
migmatization an d f olding for variable distances from 
the granite contact.  
(4) The area i s too sma ll to allow any suggestions as to the 
regional structural trends. 
Generally, the foliation is planar on the outcrops, but commonly 
small-scale folding is seen. No ex amples of crenulation of chevron folding 
were seen . Small-scale isoclinal folds were almo st nonexist ent with the 
exception of one well-d eveloped ex ample (Figure 14).  At this outcrop, 
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Figure 14. Nearly isocl inal folds in a q uartzi te variety of the mica­
ceous quartz gneiss exposed along the trai l  about 1700 fe et 
east of the G rif f in Monument (E 18 .0, N 9.3 ). The f old axis 
is gently curved aw ay from the observer i n the upper p ort ion 
of the photograph. 
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the micaceous quartz gneiss shows a nearly isoclinal development,  but 
the (3 -axes of the folds are gently curved toward the top of the photo­
graph. Unfortunately, most of the micaceous quartz gneiss in the vicinity 
is almost homogeneous, and f oliation is complex or cannot be distinguished. 
The types of l ineation taken include the B-axes of minor 
folds,  orientation of si l limanite lenses,  and the most common type, the 
orientation of crenulations in the micaceous layers of the rocks. These 
different types of l ineations were d istinguished during mapping and initial  
compilation of the data,  but were plotted together (Plate 3) when i t  
became evident that they were superimposed. At any one outcrop, highly 
divergent att i tudes of the l ineation were common wi thin a few tens of 
feet of each other,  but where two l ineations were present together,  they 
were al most invariably parallel .  Folding of the l ineation was common, 
especially near the granite contacts in the highly migmatized metamorphic 
rocks. However,  no in stance was seen in which two nonparallel  l ineations 
could be d istinguished. 
Any interpretation of the structure of the metamorphic rocks 
must take into consideration the distribution of the rock types, the 
trends of the foliation and e specially the two strong maxima in the folia­
tion of 130°-75 N and 10°-75°E, and the relationship of the l ineation to 
the geometry of the folds.  Two ma in alternatives seem t o be open to the 
interpretation of the structure. The favored interpretation, (a) in 
Figure 1 5, involves a steeply inclined, almost isoclinal fold approximately 
centered in the area. The occurrences of micaceous quartz gneiss along 
the trail  east of the Griffin Monument and to the west along Brown Mo un­
tain represent the core of this fold. The three domains differentiated 
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F i g u r e  1 5 .  T w o  g e n e r o l i z e d  i n t e r p r e t a t i o n s  f o r  t h e  
s t r u c t u r e  o f  t h e  m e t a m o r p h i c  r o c k s  p r i o r  
t o  t h e  i n t r u s i o n  o f  t h e  S i l v e r  P l u m e  
G r a n i t e ,  I n  b o t h  c a s e s ,  t h e  p l u n g e  o f  
t h e  f o l d  i s  a b o u t  e 0 ° ~ 7 0 °  E a s t .  T h e  o u i l m o  
o f  t h e  a r e a  i s  a s  P l a t e  I .  s b  =  s i l l i m o n i h c  
b i o t i t e ~ q u a r t z  g n e i s s ,  g n q  =  m i c a c e o u s  q u a r t z  
g n e i s s .  "  
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o n  P l a t e  3  f o l l o w  t h i s  i n t e r p r e t a t i o n .  D o m a i n  I  r e p r e s e n t s  t h e  n o r t h e r n  
i s o c l i n a l  l i m b  o f  t h e  f o l d ,  d o m a i n  I I  r e p r e s e n t s  t h e  s o u t h e r n  i s o c l i n a l  
l i m b ,  a n d  d o m a i n  I I I  r e p r e s e n t s  t h e  h i n g e  a r e a .  T h e  s m a l l - s c a l e  e x a m p l e  
s h o w n  i n  F i g u r e  1 4  b o t h  s p a t i a l l y  a n d  g e o m e t r i c a l l y  f i t s  t h i s  i d e a  c l o s e l y  
A n  a l t e r n a t e  i n t e r p r e t a t i o n  c a n  b e  m a d e  f r o m  t h e  s a m e  d a t a  i n  w h i c h  t h e  
f o l d  i s  m o r e  o p e n  b u t  w i t h  t h e  s a m e  o r i e n t a t i o n  o f  t h e  B _ - a x i s .  I n  
e i t h e r  i n t e r p r e t a t i o n ,  d o m a i n s  I  a n d  I I I  w o u l d  s h o w  m a x i m a  f o r  t h e  f o l i a ­
t i o n  o r i e n t e d  a b o u t  1 3 0 ° - 7 0 ° N ,  a n d  d o m a i n  I I  w o u l d  s h o w  a n  a d d i t i o n a l  
o r i e n t a t i o n  a b o u t  1 0 ° - 7 5 ° E  c o r r e s p o n d i n g  e i t h e r  t o  t h e  h i n g e  a r e a  ( F i g u r e  
1 5 a )  o r  t h e  o t h e r  l i m b  o f  t h e  f o l d  ( F i g u r e  1 5 b ) .  I n  e i t h e r  i n t e r p r e t a t i o n  
t h e  c a l c u l a t e d  i n t e r s e c t i o n  o f  t h e  t w o  f o l i a t i o n  m a x i m a  o f  6 0 ° - 7 0 ° E  c o r ­
r e s p o n d s  r o u g h l y  t o  t h e  o r i e n t a t i o n  o f  t h e  l i n e a t i o n  o n  a l l  t h e  d i a g r a m s .  
C e r t a i n l y  n e i t h e r  o f  t h e  d i a g r a m s  i n  F i g u r e  1 5  c a n  b e  s u p e r i m p o s e d  o n  t h e  
g e o l o g i c  m a p  ( P l a t e  1 )  b e c a u s e  o f  t h e  p r o b l e m s  o f  f a u l t i n g ,  i n t r u s i o n  o f  
S i l v e r  P l u m e  G r a n i t e ,  a n d  l a c k  o f  o u t c r o p  o v e r  m u c h  o f  t h e  a r e a .  
A n o t h e r  l e s s  l i k e l y  i n t e r p r e t a t i o n  i s  t h a t  t h e  a d d i t i o n a l  
s t r o n g  m a x i m a  o f  1 0 ° - 7 5 ° E  n o t e d  i n  d o m a i n  I I  w a s  i n  s o m e  w a y  r e l a t e d  t o  
a n o t h e r  s t r u c t u r a l  f e a t u r e  b r o u g h t  i n  b y  f a u l t i n g .  T h e r e  i s  m o r e  t h a n  
s u f f i c i e n t  r o o m  t o  p l a c e  a  n o w  c o v e r e d  f a u l t  r o u g h l y  a l o n g  t h e  w e s t  m a r g i n  
o f  d o m a i n  I I .  H o w e v e r ,  i t  a p p e a r s  u n l i k e l y  t h a t  t h e  o t h e r  s t r u c t u r a l  
e l e m e n t s  w o u l d  m a t c h  t h e  e l e m e n t s  o f  d o m a i n  I  a n d  I I I  s o  c l o s e l y  i f  d i s ­
p l a c e d  b y  f a u l t i n g .  S t i l l  a n o t h e r  p o s s i b i l i t y  i s  t h a t  t h e  i n t r u s i o n  o f  
t h e  S i l v e r  P l u m e  G r a n i t e  i n  s o m e  w a y  t i l t e d  t h e  m e t a m o r p h i c  r o c k s  t h r o u g h ­
o u t  t h e  a r e a .  O r ,  i n  o t h e r  w o r d s ,  t h e  m e t a m o r p h i c  r o c k  m a s s e s  r e p r e s e n t  
l a r g e  x e n o l i t h s  t h a t  w e r e  r o t a t e d  i n  u n i s o n .  I t  i s  d i f f i c u l t  t o  v i s u a l i z e  
s i m u l t a n e o u s  r o t a t i o n  o f  s o  m a n y  i s o l a t e d  m a s s e s  o f  m e t a m o r p h i c  r o c k s  
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d u r i n g  i n t r u s i o n  o f  t h e  g r a n i t e .  H o w e v e r ,  t h e  d i f f u s e  n a t u r e  o f  b o t h  
t h e  f o l i a t i o n  a n d  l i n e a t i o n  d i a g r a m s  c a n  b e  a t t r i b u t e d  t o  t h e  e f f e c t s  o f  
i n t r u s i o n .  
T h e  i n t e r p r e t a t i o n  a n d  g e n e r a l  t r e n d  o f  t h e  f o l i a t i o n  a n d  
l i n e a t i o n  w i t h i n  t h e  S i l v e r  P l u m e  a r e a  i s  t o t a l l y  u n l i k e  t h a t  d e s c r i b e d  
i n  t h e  r e c e n t  U .  S .  G e o l o g i c a l  S u r v e y  w o r k  i n  t h e  C e n t r a l  C i t y - I d a h o  
S p r i n g s - L a w s o n  a r e a  ( f o r  i n s t a n c e ,  s e e  M o e n c h ,  1 9 6 4 ,  p .  4 5 - 6 2 ) .  O n l y  
m a p p i n g  i n  t h e  r e g i o n  b e t w e e n  t h e s e  a r e a s  c a n  a c c o u n t  f o r  t h e  c h a n g e  i n  
t h e  s t r u c t u r a l  i n t e r p r e t a t i o n  o f  t h e  m e t a m o r p h i c  r o c k s .  
F r a c t u r e  S y s t e m s  
T h e  t e r m  " f r a c t u r e "  h e r e  i n c l u d e s  f a u l t s ,  j o i n t s ,  a n d  v e i n s .  
T h e y  a r e  r e l a t e d  a n d  w i l l  b e  d i s c u s s e d  t o g e t h e r  w h e n  a p p r o p r i a t e .  H o w e v e r ,  
t h e  r e l a t i o n s h i p  o f  t h e  j o i n t  o r i e n t a t i o n s  t o  t h e  r e g i o n a l  s t r e s s  p a t t e r n s  
w i l l  b e  d i s c u s s e d  s e p a r a t e l y .  
F a u l t i n g  i s  p r e v a l e n t  w i t h i n  t h e  a r e a ,  b u t  t h e  a g e  a n d  o f f s e t  
o f  t h e  f a u l t s  i s  d i f f i c u l t  t o  i n t e r p r e t  b e c a u s e  o f  t h e  l a c k  o f  m a r k e r  
h o r i z o n s  i n  t h e  m e t a m o r p h i c  r o c k s .  I n d e e d ,  t h e r e  a r e  p r o b a b l y  c o n s i d e r a b l y  
m o r e  f a u l t s  t h a n  a r e  s h o w n  o n  t h e  g e o l o g i c  m a p  ( P l a t e  1 0 ) .  S o m e  o f  t h e  
p r o m i n e n t  l i n e a r s  n o t e d  o n  t h e  a e r i a l  p h o t o g r a p h s  p r o b a b l y  r e p r e s e n t  
f a u l t s  b u t  c a n n o t  d e f i n i t e l y  b e  i d e n t i f i e d  a s  s u c h  b e c a u s e  o f  l a c k  o f  
e x p o s u r e .  E v e n  t h e  u s e  o f  o f f s e t  o f  T e r t i a r y  d i k e s  a s  a  c r i t e r i o n  i s  n o t  
i n f a l l i b l e .  T h e  o f f s e t  m a y  m e r e l y  r e p r e s e n t  n o n c o n t i n u i t y  o f  t h e  f r a c t u r e  
a l o n g  w h i c h  t h e  d i k e  w a s  e m p l a c e d .  P r o b a b l y  t h e  m o s t  d i f f i c u l t  p r o b l e m  
i n  w o r k i n g  w i t h  t h e  o r i e n t a t i o n  o f  t h e  f a u l t i n g  i s  t h a t  f a u l t s  v a r y i n g  i n  
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a g e  f r o m  P r e c a m b r i a n  ( p r e - S i l v e r  P l u m e  G r a n i t e )  t o  O i i g o c e n e  ( p o s t  m i n e r ­
a l i z a t i o n )  c a n  b e  v e r i f i e d .  A n d  a p p r o x i m a t e l y  o n e  m i l e  s o u t h  o f  t h e  
s o u t h w e s t  c o r n e r  o f  t h e  m a p p e d  a r e a  a l o n g  t h e  r i d g e  o f  P e n d l e t o n  M o u n t a i n ,  
a  s c a r p  o f  a  v e r y  p r o m i n e n t  f a u l t  o f f s e t s  g r a v e l s  o f  Q u a t e r n a r y  o r  R e c e n t  
a g e .  T h e  t i m e  i n t e r v a l  i n v o l v e d  b e t w e e n  t h e  o l d e s t  a n d  m o s t  r e c e n t  
f a u l t i n g  r e p r e s e n t s  a  t i m e  s p a n  o f  a t  l e a s t  1 . 4  b . y . ,  a n d  i t  w o u l d  b e  p r e ­
s u m p t u o u s  t o  p o s t u l a t e  t h e  s t r e s s e s  i n v o l v e d  i n  a  s p e c i f i c  f a u l t  s y s t e m  
w i t h o u t  c l e a r  e v i d e n c e  o f  t h e i r  a g e s .  
P r e c a m b r i a n  f a u l t i n g  
P r e c a m b r i a n  f a u l t i n g  m a y  b e  p r e v a l e n t  i n  t h e  a r e a  b u t  i s  u n r e c ­
o g n i z e d .  A n  e x c e l l e n t ,  s i n g l e  e x a m p l e  o c c u r s  o n  t h e  s t e e p  f a c e  j u s t  
b e h i n d  t h e  o l d  S i l v e r  P l u m e  j a i l  o n  t h e  n o r t h  e d g e  o f  S i l v e r  P l u m e  
( F i g u r e  1 6 ) .  A n  a b r u p t  b r e a k  i n  t h e  t r e n d  o f  t h e  f o l i a t i o n  i s  m a r k e d  b y  
a  d i k e  o f  t r a c h y t o i d  S i l v e r  P l u m e  G r a n i t e  t h a t  c l e a r l y  i n t r u d e d  a l o n g  a  
f a u l t  i n  t h e  m e t a m o r p h i c  r o c k s .  A l t h o u g h  n o  o t h e r  c l e a r  c a s e s  o f  P r e c a m ­
b r i a n  f a u l t i n g  c o u l d  b e  i d e n t i f i e d ,  m a n y  o f  t h e  m a s s e s  o f  S i l v e r  P l u m e  
G r a n i t e  m a y  h a v e  b e e n  e m p l a c e d  a l o n g  f a u l t s .  T h i s  m a y  b e  t h e  e x p l a n a t i o n  
f o r  t h e  7 0 °  t o  9 0 °  t r e n d  o f  t h e  f o l i a t i o n  i n  t h e  g r a n i t e  a n d  t h e  s h a p e  o f  
s o m e  o f  t h e  g r a n i t e  b o d i e s .  
T e r t i a r y  f r a c t u r e s  
T h e  t e r m  " T e r t i a r y "  h e r e  i n c l u d e s  a l l  f r a c t u r e s  n o t  d e f i n i t e l y  
k n o w n  t o  b e  P r e c a m b r i a n .  A s  s u c h ,  i t  m a y  i n c l u d e  f a u l t i n g  b e l o n g i n g  t o  a  
w i d e  s p a n  o f  g e o l o g i c  t i m e  d u r i n g  t h e  T e r t i a r y  a n d  c o u l d  i n c l u d e  M e s o z o i c  
o r  P a l e o z o i c  f a u l t i n g ,  a l t h o u g h  n o  f a u l t  o f  t h e s e  a g e s  h a s  b e e n  r e c o g n i z e d  
i n  t h e  F r o n t  R a n g e .  
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F i g u r e  1 6 .  I n t r u s i o n  o f  a  d i k e  o f  P r e c a m b r i a n  t r a c h y t o i d  S i l v e r  P l u m e  
G r a n i t e  ( g t )  a l o n g  w h a t  w a s  a  f a u l t  i n  t h e  s i l l i m a n i t i c  
b i o t i t e - q u a r t z  g n e i s s  ( s b ) .  N o t e  t h e  s h a r p  c h a n g e  i n  a t t i ­
t u d e  o f  t h e  m e t a m o r p h i c  r o c k s  t o  e i t h e r  s i d e  o f  t h e  d i k e .  
T h e  r o c k s  t o  t h e  l e f t  o f  t h e  g r a n i t e  d i k e  a r e  s t a n d i n g  a l m o s t  
v e r t i c a l  a n d  s t r i k i n g  a w a y  f r o m  t h e  o b s e r v e r  w h i l e  t h e  r o c k s  
t o  t h e  r i g h t  a r e  d i p p i n g  a b o u t  6 0 °  a w a y  f r o m  t h e  o b s e r v e r  
a n d  a r e  s t r i k i n g  a l m o s t  p e r p e n d i c u l a r  t o  t h e  d i r e c t i o n  o f  
o b s e r v a t i o n .  ( O c c u r s  i m m e d i a t e l y  b e h i n d  t h e  o l d  j a i l  a t  t h e  
n o r t h  s i d e  o f  S i l v e r  P l u m e . )  
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B y  f a r  t h e  m o s t  p r o m i n e n t  T e r t i a r y  f a u l t  w i t h i n  t h e  m a p p e d  
a r e a  i s  m a r k e d  b y  t h e  P e l i c a n - B i s m a r k  v e i n .  T h i s  v e i n  i s  a l s o  t h e  l o c u s  
o f  a n  O l i g o c e n e  a l a s k i t e  d i k e  a n d  a  m u l t i p l e  f a u l t  s y s t e m .  L o v e r i n g  a n d  
G o d d a r d  ( 1 9 5 0 ,  f i g .  5 6 )  f o l l o w i n g  S p u r r ,  G a r r e y ,  a n d  B a l l  ( 1 9 0 8 )  c l e a r l y  
i n d i c a t e  t h a t  t h e  a l a s k i t e  d i k e  w i d e n s  a t  d e p t h ,  a n d  t h e  f a u l t i n g  a n d  
v e i n s  c o n s i s t  o f  a  n u m b e r  o f  r o u g h l y  p a r a l l e l  b r e a k s .  T h i s  f r a c t u r e -
d i k e - v e i n  z o n e  c o n t r o l s  t h e  c o u r s e  o f  t h e  u p p e r  p a r t  o f  B r o w n  G u l c h  b u t  
i s  c o v e r e d  w i t h  Q u a t e r n a r y  c o l l u v i u r n  a n d  t a l u s  i n  t h e  s o u t h e a s t e r n  p o r t i o n  
o f  t h e  a r e a .  I t s  p o s i t i o n  c a n  b e  l o c a t e d  i n  t h e  B u r l e i g h  a n d  D i a m o n d  
t u n n e l s .  T h e  P e l i c a n - B i s m a r k  v e i n  z o n e  c l e a r l y  i n d i c a t e s  O l i g o c e n e  o r  
l a t e r  m ov e m e n t  a n d  m i n e r a l i z a t i o n ,  b u t  t h e  o f f s e t  a n d  s e n s e  o f  m o v e m e n t  
c a n n o t  b e  d e t e r m i n e d .  
A  l a r g e  p o r t i o n  o f  t h e  m i n e r a l  p r o d u c t i o n  i n  t h e  S i l v e r  P l u m e  
a r e a  c a m e  f r o m  t h e  P e l i c a n - B i s m a r k  m i n e ,  e s p e c i a l l y  f r o m  s t o p e s  a t  i t s  
i n t e r s e c t i o n  w i t h  t h e  S ev e n - t h i r t y  v e i n  ( s e e  F i g u r e  5 6  i n  L o v e r i n g  a n d  
G o d d a r d ,  1 9 5 0  o r  P l a t e  X X V I I  i n  S p u r r ,  G a r r e y  a n d  B a l l ,  1 9 0 8 ) .  I t s  e f f e c t  
a s  a  m a j o r  c h a n n e l  o f  m i n e r a l i z a t i o n  m a y  b e  m u c h  m o r e  w i d e s p r e a d .  T h e  
s o u t h e a s t  e x t e n s i o n  m a y  h a v e  s e r v e d  a s  t h e  m a i n  f e e d e r  c h a n n e l  f o r  t h e  
C o l o r a d o  C e n t r a l  m i n e  a p p r o x i m a t e l y  o n e  m i l e  t o  t h e  s o u t h e a s t  o f  t h i s  a r e a .  
A t  t h e  n o r t h w e s t  c o r n e r  o f  t h i s  t h e s i s  a r e a ,  t h e  P e l i c a n - B i s m a r k  f a u l t  
p a s s e s  b e n e a t h  Q u a t e r n a r y  c o l l u v i u r n ,  a n d  i t s  e x t e n s i o n  f a r t h e r  t o  t h e  
n o r t h w e s t  w a s  n o t  i n v e s t i g a t e d .  T h e r e  i s  e v i d e n c e  t h a t  i t  m a y  c o n t i n u e  
a t  l e a s t  4  m i l e s  t o  i n t e r s e c t  t h e  B e r t h o u d  f a u l t  o p p o s i t e  t h e  U r a d  m i n e  
a t  R e d  M o u n t a i n .  T h e  p o s t u l a t e d  e x t e n s i o n  o f  t h e  f a u l t  p a s s e s  t h r o u g h  
( a n d  c a u s e s ? )  t h e  s a d d l e  b e t w e e n  R o b e s o n  a n d  E n g l e m a n n  P e a k s  i n  t h e  G r a y s  
P e a k  q u a d r a n g l e  a n d  i s  m a r k e d  b y  p r o m i n e n t  s t r e a m  d e f l e c t i o n s  w h i c h  c a n  b e  
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s e e n  n o t  o n l y  o n  a e r i a l  p h o t o g r a p h s  b u t  o n  t h e  t o p o g r a p h i c  m a p  a s  w e l l .  
T h i s  p o s s i b l e  e x t e n s i o n  o f  t h e  P e l i c a n - B i s m a r k  z o n e  s h o u l d  c e r t a i n l y  b e  
i n v e s t i g a t e d  m o r e  t h o r o u g h l y .  I f  c o n t i n u o u s ,  i t  c o n n e c t s  t h r e e  o f  t h e  
m o s t  p r o d u c t i v e  m i n e s  i n  t h e  a r e a .  
A l l  t h e  v e i n s  a n d  f a u l t s  n o t e d  i n  m a p p i n g  t h e  u n d e r g r o u n d  
w o r k i n g s  w e r e  p l o t t e d  o n  P l a t e  4 .  T h e r e  i s  a  w i d e  r a n g e  i n  o r i e n t a t i o n ,  
b u t  m o s t  o f  t h e  v e i n s  a n d  f a u l t s  a r e  o r i e n t e d  a b o u t  9 0 °  t o  1 2 0 ° ,  w i t h  
d i p s  a b o u t  7 5 °  t o  t h e  n o r t h .  T h i s  g r o u p  o f  f r a c t u r e s  i n c l u d e s  m o s t  o f  
t h e  s u l f i d e - b e a r i n g  v e i n s  a n d  v e i n l e t s .  T h e  p r e s e n c e  o f  s u l f i d e s  t h a t  
t e x t u r a l l y  a p p e a r  t o  b e  d e p o s i t e d  i n  o p e n  s p a c e s  ( t e n s i o n a l  f e a t u r e s )  
s e r v e s  a s  a n  i n d i c a t o r  o f  t h e  f o r c e s  i m p o s e d  o n  t h e  r o c k s  b e f o r e  a n d  
d u r i n g  m i n e r a l i z a t i o n .  T h e  o r i e n t a t i o n  o f  t h e s e  t e n s i o n a l  f e a t u r e s  d o e s  
n o t  a l l o w  a  s i n g l e  o r i e n t a t i o n  o f  t h e  s t r e s s e s  i n v o l v e d .  T h e  s i m p l e s t  
e x p l a n a t i o n  i s  t h a t  t h e y  f o r m  i n  a  p l a n e  w i t h  t h e  a x i s  o f  t h e  p r i n c i p l e  
f o r c e s  l y i n g  i n  t h a t  p l a n e .  I n  t h i s  c a s e ,  t h e  d i r e c t i o n  o f  m a x i m u m  f o r c e  
m a y  b e  p a r a l l e l  t o  t h e  s t r i k e  ( r e f l e c t i n g  c o m p r e s s i o n a l  t e c t o n i c s ) ,  a l o n g  
t h e  d i p  ( r e f l e c t i n g  v e r t i c a l  t e c t o n i c s ) ,  o r  i n  a n y  i n t e r m e d i a t e  p o s i t i o n  
a l o n g  t h e  p l a n e  o f  t h e  v e i n .  
T h e  j o i n t  s e t s  ( P l a t e  4 )  i n d i c a t e  o t h e r  f r a c t u r e s  t h a t  c o u l d  
h a v e  b e e n ,  o p e n e d  d u r i n g  m i n e r a l i z a t i o n  w i t h  t h e  a p p l i c a t i o n  o f  a p p r o p r i a t e  
f o r c e s .  H o w e v e r ,  m a n y  o f  t h e  m o s t  p r o m i n e n t  j o i n t  s e t s  s h o w  n o  a s s o c i a t e d  
v e i n s ,  a n d  m a n y  o f  t h e  v e i n s  d o  n o t  c o i n c i d e  w i t h  a n y  j o i n t  m a x i m u m  a t  
a l l .  I t  i s  i n t e r e s t i n g  t o  c o m p a r e  t h e  r e l a t i o n s h i p  o f  t h e  v e i n s  a n d  f a u l t  
w i t h  t h e  j o i n t s  i n  t h e  M e n d o t a  a n d  B u r l e i g h  t u n n e l s .  E v e n  a  c u r s o r y  i n s p e c ­
t i o n  o f  t h e  p a r a l l e l  p o r t i o n s  o f  t h e s e  t u n n e l s  ( o n l y  a b o u t  8 0 0  f e e t  a p a r t )  
r e v e a l s  m o r e  p r o m i n e n t  m i n e r a l i z a t i o n  i n  t h e  M e n d o t a  t u n n e l .  I n  t h e  
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M e n d o t a  t u n n e l ,  t h e  v e i n s  c a n  b e  m a t c h e d  w i t h  a  v e r y  s t r o n g  j o i n t  s e t  i n  
t h e  g r a n i t e  a n d ,  t o  a  l e s s e r  e x t e n t ,  i n  t h e  m e t a m o r p h i c  r o c k s .  I n  t h e  
B u r l e i g h  t u n n e l ,  t h e r e  i s  n o  c o m p a r a b l e  j o i n t  m a x i m u m  a n d  r e l a t i v e l y  l e s s  
m i n e r a l i z a t i o n .  H o w e v e r ,  t h e  v e i n s  t h a t  d o  o c c u r  a r e  o f  t h e  s a m e  o r i e n ­
t a t i o n  a s  i n  t h e  M e n d o t a .  
T h e  T e r t i a r y  d i k e s  m a y  o r  m a y  n o t  h a v e  b e e n  e m p l a c e d  a l o n g  
f r a c t u r e s  w i t h  m o v e m e n t ,  b u t  t h e y  p r o b a b l y  r e p r e s e n t  t h e  o r i e n t a t i o n  o f  
t e n s i o n a l  s t r e s s e s  w i t h i n  t h e  r o c k .  I t  s e e m s  i m p l a u s i b l e  t h a t  t h e  d i k e  
m a t e r i a l  w o u l d  h a v e  b e e n  e m p l a c e d  a l o n g  o t h e r  t h a n  t h e  m o s t  o p e n  c h a n n e l .  
T h e  d i k e s  i n  u p p e r  P i n k e r t o n  G u l c h  r e p r e s e n t  a  s e t  o f  d i k e s  a t  a l m o s t  
r i g h t  a n g l e s  a n d  a n o t h e r  d i v e r g i n g  a b o u t  3 0 °  f r o m  t h e  o t h e r s .  T h e  d i k e s  
w o u l d  r e q u i r e  t h r e e  s i m u l t a n e o u s  z o n e s  o f  t e n s i o n a l  s t r e s s  d u r i n g  t h e i r  
e m p l a c e m e n t .  I n c l u d i n g  t h e  a l a s k i t e  d i k e  a l o n g  t h e  P e l i c a n - B i s m a r k  v e i n  
l e a d s  t o  a n  e v e n  m o r e  c o m p l e x  s i t u a t i o n .  I t  i s  d i f f i c u l t  t o  e x p l a i n  a l l  
t h e s e  o p e n  f r a c t u r e s ,  o r  a t  l e a s t  z o n e s  o f  t e n s i o n a l  s t r e s s ,  a t  a n y  o n e  
t i m e  w i t h  a  s i n g l e  f o r c e  o r i e n t a t i o n .  A  s i m p l e r  e x p l a n a t i o n  i s  t h a t  t h e r e  
w a s  a  v a r i a t i o n  i n  s t r e s s  o r i e n t a t i o n  d u r i n g  t h e  p e r i o d  o f  d i k e  e m p l a c e ­
m e n t .  
P o s t - m i n e r a l i z a t i o n  f a u l t i n g  i s  n o t  e v i d e n t  o n  t h e  s c a l e  o f  
t h e  g e o l o g i c  m a p  ( P l a t e  1 )  b u t  c a n  b e  s e e n  l o c a l l y  o n  t h e  u n d e r g r o u n d  m a p s .  
A n  e x a m p l e  o c c u r s  a b o u t  3 5 0  f e e t  e a s t  o f  t h e  B u r l e i g h  t u n n e l  a l o n g  t h e  
P h i  1 1 i p s - F e n t o n - M a n n o t h  v e i n  ( P l a t e  6 )  w h e r e  t h e  v e i n  i s  o f f s e t  2 5  f e e t  
b y  a  l e f t - l a t e r a l  f a u l t  o f  u n k n o w n  s l i p .  O n  a  s m a l l e r  s c a l e ,  m i n e r a l i z a ­
t i o n  a n d  p o s t - m i n e r a l i z a t i o n  f a u l t i n g  i s  a b u n d a n t .  P o l i s h e d  s e c t i o n s  a n d  
s a w e d  s l a b s  o f  s u l f i d e s  c o m m o n l y  s h o w  f a u l t s  a n d  z o n e s  o f  b r e c c i a t i o n ,  
w i t h  o f f s e t s  o f  l e s s  t h a n  1 0  c m  i n  a l l  o f  t h e  v e i n s  ( F i g u r e s  2 0  a n d  2 1 ) .  
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O o i n t  o r i e n t a t i o n  
T h e o r e t i c a l l y ,  j o i n t  p a t t e r n s  c a n  b e  r e l a t e d  t o  t h e  f o r c e s  
i m p o s e d  o n  t h e  r o c k s  ( B a d g l e y ,  1 9 6 5 ,  p .  4 - 7 ;  B i l l i n g s ,  1 9 5 4 ,  p .  9 3 - 1 0 5 ) .  
H o w e v e r ,  a  n u m b e r  o f  c o n d i t i o n s  m u s t  b e  m e t  t o  a r r i v e  a t  s u c h  a  r e s o l u t i o n  
o f  f o r c e s .  T h e  m o s t  i m p o r t a n t  o f  t h e s e  i s  t h a t  t h e  r o c k  b e  h o m o g e n e o u s  
a n d  u n f r a c t u r e d .  I t  i s  d i f f i c u l t  t o  c o n c e i v e  o f  t h e  P r e c a m b r i a n  r o c k s  i n  
t h e  S i l v e r  P l u m e  a r e a  r e m a i n i n g  u n f r a c t u r e d  f o r  a n y  g e o l o g i c a l l y  s i g n i f i ­
c a n t  l e n g t h  o f  t i m e .  I f  t h e y  w e r e  j o i n t e d ,  i n  t h e  P r e c a m b r i a n ,  i t  i s  
l i k e l y  t h a t  a n y  l a t e r  s t r e s s e s  w e r e  r e l e a s e d  a l o n g  t h e  e a r l i e r  j o i n t s .  
D o n a t h  ( 1 9 6 1 )  i n d i c a t e s  t h a t  t h e  t h e o r e t i c a l  j o i n t  o r i e n t a t i o n  m a y  b e  
d e f l e c t e d  a s  m u c h  a s  6 0 °  i n t o  l i n e s  o f  w e a k n e s s .  T h e s e  l i n e s  o f  w e a k n e s s  
m a y  b e  d e f l e c t e d  n o t  o n l y  b y  t h e  o r i e n t a t i o n  o f  p r e - e x i s t i n g  j o i n t s  b u t  
a l s o  b y  t h e  l a y e r i n g  o f  t h e  r o c k s .  C e r t a i n l y ,  t h e  o r i e n t a t i o n  o f  t h e  
m e t a m o r p h i c  r o c k s  w i t h i n  t h e  a r e a  m u s t  b e  c o n s i d e r e d .  F o r  i n s t a n c e ,  
B a d g l e y  ( 1 9 6 5 ,  p .  1 0 3 - 1 0 5 ) ,  w o r k i n g  i n  t h e  W i l l s  M o u n t a i n  a r e a  o f  W e s t  
V i r g i n i a ,  o b s e r v e d  t h a t  t h e  j o i n t i n g  i n  a  t h i c k  s e r i e s  o f  f o l d e d  m e t a m o r ­
p h i c  r o c k s  r e p r e s e n t e d  f r a c t u r i n g  d u r i n g  t h e  i n i t i a l  p h a s e s  o f  f o l d i n g ,  
t h a t  t h e  j o i n t i n g  h a d  a  h i g h  i n t e r s e c t i o n  a n g l e  t o  t h e  f o l i a t i o n ,  a n d  t h a t  
t h e  j o i n t s  r e t a i n e d  t h e i r  o r i g i n a l  r e l a t i o n s h i p  t o  t h e  f o l i a t i o n  t h r o u g h  
t h e  r e s t  o f  t h e  f o l d i n g  s e q u e n c e .  
A  m a j o r  p r o b l e m  i n  s t u d y i n g  t h e  j o i n t  o r i e n t a t i o n  i s  t h e  s t a ­
t i s t i c a l  o n e .  A  c o m p a r i s o n  o f  t h e  j o i n t  o r i e n t a t i o n  d i a g r a m s  d e r i v e d  f r o m  
t h i s  s t u d y  ( P l a t e  4 )  i l l u s t r a t e s  t h e  p r o b l e m .  T h e  d i a g r a m s  o f  j o i n t i n g  
m e a s u r e d  o n  t h e  s u r f a c e  o v e r  t h e  w h o l e  a r e a  i n  a l l  t y p e s  o f  r o c k s  s h o w  
r o u g h l y  s i m i l a r  d i s t r i b u t i o n  p a t t e r n s .  T h e  S i l v e r  P l u m e  G r a n i t e  s h o w s  
t w o  a l m o s t  v e r t i c a l  j o i n t  s e t s  a t  3 0 °  a n d  9 0 °  w i t h  a n o t h e r  l e s s  w e l l  
f " I u'J£. 
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defined, nearly horizontal set dipping gently north. The metamorphic 
rocks show only one of the vertical joint sets, the 30° set, but the 90° 
set noted in the granite is roughly parallel to the prominent 130° to 70° 
foliation in the metamorphic rocks. The nearly horizontal set is also 
present although ill-defined. The Tertiary rocks reflect jointing 
closely approximating that in the granite. However, the surface joint 
data, when compared with that taken underground in the Mendota, Burleigh, 
and Diamond tunnels, show wide variations both in the granite and in the 
metamorphic rocks. The contrast between the joint distribution in the 
Burleigh and Mendota tunnels, which are less than 800 feet apart, is par­
ticularly striking. The variations are so wide that a rigid statistical 
* 
study beyond the scope of this work would be necessary to define the mean 
joint orientation within this particular area--if, indeed, a "mean" value 
would have any significance. How this mean joint orientation would com-
| 
pate with tne orientation in an adjacent two square miles is even more 
conjectural. 
The jointing in the Silver Plume Granite in the Mendota tunnel 
and at the surface gives a clearly defined pattern that allows a simple 
interpretation. The joints form a conjugate shear set imposed by forces 
about N 60° E in a horizontal p lane. This is in accord with the Tertiary 
forces proposed by Badgley (1961) and Harrison and Moench (1961) in the 
central Front Range and would also account for the tensional openings 
along the WSW-ENE veins, which would in turn lie very roughly along the 
orientation of the forces. This resolution of forces is, however, merely 
using a iew chosen diagrams to satisfy a theory and certainly cannot 
explain the other joint diagrams. It also imposes the condition that the 
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r o c k  w a s  u n j o i n t e d  p r i o r  t o  s t r e s s  a p p l i c a t i o n ,  a s  t h e r e  a r e  n o  o t h e r  
j o i n t  s e t s  o n  t h e  d i a g r a m s .  
I t  w o u l d  a p p e a r  t h a t  t h e  b e s t  s t a t e m e n t  t h a t  c a n  b e  m a d e  
r e g a r d i n g  t h e  j o i n t  p a t t e r n s  o b s e r v e d  i n  t h i s  w o r k  i s  t h a t  t h e r e  i s  n o  
s i m p l e  o v e r a l l  i n t e r p r e t a t i o n .  T h e  r o c k s  w e r e  p r o b a b l y  j o i n t e d  d u r i n g  o r  
s h o r t l y  a f t e r  t h e  c e s s a t i o n  o f  t h e  r e g i o n a l  m e t a m o r p h i s m  a n d  p o s s i b l y  
w i t h  t h e  f o l d i n g  o f  t h e  m e t a m o r p h i c  r o c k s  1 . 7 5  b . y .  a g o .  T h e  j o i n t s  
p r o b a b l y  a l s o  r e f l e c t e d  t h e  f o r c e s  d u r i n g  t h e  i n i t i a l  r a t h e r  t h a n  d u r i n g  
t h e  f i n a l  s t a g e s  o f  f o l d i n g .  T h u s  o n e  o f  t h e  p r o m i n e n t  j o i n t  m ax i m a  o n  
m o s t  o f  t h e  j o i n t  d i a g r a m s  i s  o r i e n t e d  a b o u t  3 0 ° - 9 0 ° ,  w h i c h  i s  a p p r o x i m a t e l y  
p e r p e n d i c u l a r  t o  t h e  c o m m o n  1 3 0 ° - 7 0 ° N  f o l i a t i o n  i n  t h e  m e t a m o r p h i c  r o c k s .  
T h i s  s o l u t i o n  i s  i n  a g r e e m e n t  w i t h  B a d g l e y ' s  ( 1 9 6 5 ,  p .  1 0 3 - 1 0 5 )  w o r k  i n  
t h e  W i l l s  M o u n t a i n  a r e a  p r e v i o u s l y  m e n t i o n e d .  T h e  i n t r u s i o n  o f  t h e  S i l v e r  
P l u m e  G r a n i t e  p r o b a b l y  d i d  n o t  a f f e c t  t h e  j o i n t  o r i e n t a t i o n  g r e a t l y ,  j u s t  
a s  i t  d i d  n o t  s i g n i f i c a n t l y  a f f e c t  t h e  f o l i a t i o n  a n d  l i n e a t i o n  i n  t h e  
m e t a m o r p h i c  r o c k s .  J o i n t i n g  i n  t h e  h i g h l y  i r r e g u l a r ,  s m a l l  b o d i e s  o f  
g r a n i t e  m a y  h a v e  b e e n  i n f l u e n c e d  b y  t h e  p r e - e x i s t i n g  f o l i a t i o n  a n d  p r i o r  
j o i n t i n g  i n  t h e  m e t a m o r p h i c  r o c k s .  T h e  g r e a t  d i s p a r i t y  i n  j o i n t  o r i e n t a ­
t i o n  i n  t h e  S i l v e r  P l u m e  G r a n i t e  t h e n  r e p r e s e n t s  t h e  g e o m e t r y  o f  t h e  
g r a n i t e  b o d i e s  a n d  t h e  p r e - e x i s t i n g  z o n e s  o f  w e a k n e s s  i n  t h e  s u r r o u n d i n g  
r o c k s .  T h i s  d i s p a r i t y  p r o d u c e d  v a r i a b l e ,  l o c a l  j o i n t  p a t t e r n s .  J o i n t i n g  
i n  t h e  T e r t i a r y  i n t r u s i v e  r o c k s  a p p r o x i m a t e s  t h a t  i n  t h e  P r e c a r a b r i a n  r o c k s .  
I t  i s  n o t  d i f f i c u l t  t o  v i s u a l i z e  t h e  P r e c a m b r i a n  j o i n t s  p r o p a g a t i n g  t h r o u g h  
t h e  r e l a t i v e l y  t h i n  b o d i e s  o f  t h e  T e r t i a r y  d i k e s .  
B a d g l e y  ( 1 9 6 0 )  a n d  H a r r i s o n  a n d  M o e n c h  ( 1 9 6 1 )  h a v e  p r o v i d e d  
d e t a i l e d  s t u d i e s  o f  t h e  j o i n t  o r i e n t a t i o n  i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  
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F r o n t  R a n g e .  T h e s e  a u t h o r s  f e l t  t h a t  t h e  L a r a r n i d e  f o r c e s  c o u l d  b e  r e s o l v e d  
f r o m  t h e  o r i e n t a t i o n  o f  t h e  L a r a r n i d e  j o i n t s .  A n a l y s i s  o f  t h e  j o i n t s  t a k e n  
i n  t h i s  s t u d y  d o e s  n o t  l e a d  t o  a  s i m i l a r  c o n c l u s i o n .  I t  i s  f e l t  t h a t  t h e  
L a r a r n i d e  j o i n t s  c a n n o t  b e  d i f f e r e n t i a t e d  f r o m  t h e  j o i n t s  a s  a  w h o l e ,  i f  a  
n e w  s e t  o f  j o i n t s  f o r m e d  d u r i n g  t h e  L a r a r n i d e  a t  a l l .  
F o l i a t i o n  i n  t h e  S i l v e r  P l u m e  G r a n i t e  
T h e  f o l i a t i o n  i n  t h e  t r a c h y t o i d  S i l v e r  P l u m e  G r a n i t e  i s  d e f i n e d  
b y  t h e  o r i e n t a t i o n  o f  t a b u l a r  m i c r o c l i n e  c r y s t a l s  a n d  i s  a  p r i m a r y  f l o w  
s t r u c t u r e .  T h e  ( 0 1 0 )  c r y s t a l  f a c e s  w h i c h  a r e  p a r a l l e l  t o  a  p r o m i n e n t  
c l e a v a g e  a n d  t h e  C a r l s b a d  t w i n  p l a n e  o f  t h e  m i c r o c l i n e  c r y s t a l s  a r e  s u b -
p a r a l l e l  t o  t h e  p l a n e  o f  f o l i a t i o n .  T h e  f o l i a t i o n  s h o w s  v a r i a b l e  o r i e n t a ­
t i o n  e v e n  i n  a  s i n g l e  o u t c r o p ,  a n d  m e a s u r e m e n t s  o f  t h e  f o l i a t i o n  f r e q u e n t l y  
r e v e a l  a l m o s t  r i g h t - a n g l e  r e l a t i o n s h i p s  w i t h i n  t h e  s p a c e  o f  a  f e w  f e e t .  
I n  i n s t a n c e s  w h e r e  t h e  c o n t a c t  o f  t h e  g r a n i t e  w i t h  t h e  m e t a m o r p h i c  r o c k s  
i s  e x p o s e d ,  t h e  f o l i a t i o n  i s  p a r a l l e l  t o  t h e  c o n t a c t  f o r  a t  l e a s t  a  f e w  
f e e t  i n t o  t h e  g r a n i t e .  S i n c e  t h e s e  c o n t a c t s  a r e  c o m m o n l y  v e r y  i r r e g u l a r ,  
t h e  f o l i a t i o n  a l s o  s h o w s  d i v e r s e  a t t i t u d e s .  
D e s p i t e  t h e  a p p a r e n t  d i v e r s i t y  o f  t h e  f o l i a t i o n ,  F i g u r e  1 7 ,  
w h i c h  r e p r e s e n t s  2 0 7  m e a s u r e m e n t s  i n  t h e  S i l v e r  P l u m e  G r a n i t e  o v e r  t h e  
e n t i r e  a r e a ,  s h o w s  a  w e l l - d e f i n e d  m a x i m u m  w i t h  t h e  p l a n e  o f  f o l i a t i o n  
o r i e n t e d  a t  a b o u t  0 5 ° - 6 5 ° N .  P l a t e  1 ,  t h e  g e o l o g i c  m a p ,  i n d i c a t e s  t h a t  
t h i s  o r i e n t a t i o n  i s  r e l a t e d  t o  a  t e n d e n c y  f o r  t h e  t r a c h y t o i d  S i l v e r  P l u m e  
G r a n i t e  t o  o c c u r  i n  e l o n g a t e  b o d i e s  w i t h  a n  a t t i t u d e  o f  a b o u t  7 0 °  t o  9 0 ° .  
T h i s  t e n d e n c y  i s  n o t  p r o n o u n c e d  b u t  c a n  b e  s e e n  i n  a  n u m b e r  o f  l o c a l i t i e s ;  
F i g u r e  1 7 .  F o l i a t i o n  i n  t r a c h y f o i d  S i l v e r  P l u m e  G r a n i t e  
a s  d e f i n e d  b y  t h e  o r i e n t a t i o n  o f  t h e  t a b u l a r  
m i c r o c l i n e  c r y s t a l s .  T o t a l  o f  2 0 7  s u r f a c e  
a n d  u n d e r g r o u n d  m e a s u r e m e n t s  p l o t t e d  a s  p o l e s  
t o  t h e  p l a n e  o f  t h e  f o l i a t i o n .  C o n t o u r e d  a t  
1 . 5 % ,  3 % ,  3  4 . 5 %  o f  t h e  p o i n t s  p e r  | %  o f  a r e a .  
* 
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t h j  m o s t  p r o m i n e n t  i s  i n  t h e  a r e a  j u s t  n o r t h w e s t  o f  t h e  p o r t a l  o f  t h e  
M e i d o t a  t u n n e l  ( E 1 6 . 0 ,  N 5 . 5 ) .  T h e  c r o s s  s e c t i o n  a l o n g  t h e  B u r l e i g h  t u n n e l  
s h ) w n  i n  P l a t e  2  ( w h i c h  i s  h i g h l y  s u b j e c t i v e )  a l s o  i n d i c a t e s  a  t a b u l a r  
f c r m  a n d  a  s t e e p  n o r t h  d i p  t o  t h e  g r a n i t e  b o d i e s .  
T h e  t r e n d  o f  t h e  f o l i a t i o n  i n  t h e  S i l v e r  P l u m e  G r a n i t e  a n d  t h e  
t a > u l a r  s h a p e  o f  t h e  g r a n i t e  b o d i e s  d o e s  n o t  a p p e a r  t o  b e  c o n t r o l l e d  b y  
t h e  s t r u c t u r e  o f  t h e  m e t a m o r p h i c  r o c k s .  I t  i s  p o s s i b l e ,  h o w e v e r ,  t h a t  t h e  
i n . r u s i  o n  o f  c h e  S i l v e r  P l u m e  G r a n i t e  w a s  c o n t r o l l e d  b y  f a u l t s  o r  z o n e s  o f  
w e a k n e s s  i n  t h e  m e t a m o r p h i c  r o c k s  t h a t  a r e  no w  c o m p l e t e l y  o b s c u r e d  b y  t h e  
g n n i t e .  
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T h e  m i n e r a l i z a t i o n  o f  t h e  S i l v e r  P l u m e  a r e a  o c c u r s  a s  v e r t i c a l  
o r  n e a r - v e r t i c a l  v e i n s  g e n e r a l l y  l e s s  t h a n  5  f e e t  t h i c k .  T h e  m i n e r a l o g y  
o f  t h e  v e i n s  i s  r e l a t i v e l y  c o n s i s t e n t  t h r o u g h  t h e  a r e a  a n d  c o n s i s t s  m a i n l y  
o f  s p h a l e r i t e ,  g a l e n a ,  a n d  p y r i t e  i n  t h a t  o r d e r  o f  a b u n d a n c e ,  a l t h o u g h  
t h e r e  a r e  m a n y  l o c a l  v a r i a t i o n s .  O n l y  m i n o r  a m o u n t s  o f  q u a r t z  a n d  c a r b o n ­
a t e s  a r e  p r e s e n t  a s  g a n g u e  m i n e r a l s ,  a n d  t h e  a l t e r a t i o n  i s  r e s t r i c t e d  t o  
a  s i n g l e  z o n e  l e s s  t h a n  1 0  f e e t  w i d e  a l o n g  t h e  v e i n s .  T h e  s i l v e r  c o n t e n t  
o f  t h e  v e i n s  i n  t h e  c e n t r a l  a n d  e a s t e r n  p o r t i o n  o f  t h e  a r e a  ( a t  l e a s t  o n  
t h e  l e v e l  a t  w h i c h  t h e  v e i n s  w e r e  o b s e r v e d - - a b o u t  9 , 2 0 0  f e e t )  i s  p r e s e n t  
i n  b l e b s  o f  t e t r a h e d r i t e  a n d  p o l y b a s i t e  l e s s  t h a n  1  m m  i n  d i a m e t e r  i n  t h e  
g a l e n a .  I n  t h e  s o u t h w e s t e r n  p o r t i o n  o f  t h e  a r e a ,  t h e  s i l v e r  i s  p r e s e n t  i n  
m a s s e s  o f  p o l y b a s i t e  a n d  p y r a r g y r i t e  u p  t o  1  c m  i n  d i a m e t e r ,  i n t e r g r o w n  
w i t h  t h e  g a l e n a  a n d  s p h a l e r i t e .  T h e  v e i n  s t r u c t u r e s  a r e  p e r s i s t e n t  f o r  u p  
t o  3 0 0 0  f e e t  a l o n g  s t r i k e  b u t  a r e  n o t  s t r i c t l y  p l a n a r .  R a t h e r ,  t h e y  c o n ­
s i s t  o f  g e n t l y  u n d u l a t i n g  s t r u c t u r e s ,  a n d  t h e  s u l f i d e s  f r e q u e n t l y  o c c u r  a s  
l e n s e s  a n d  p o d s  o f  v a r i a b l e  s i z e  a l o n g  t h e  v e i n s .  T h e  v e i n s  a n d  t h e  s u l ­
f i d e s  s h o w  e v i d e n c e  o f  r e p e a t e d  m o v e m e n t  p r i o r  t o ,  d u r i n g ,  a n d  a f t e r  t h e  
p e r i o d  o f  s u l f i d e  d e p o s i t i o n .  A  s e r i o u s  l i m i t a t i o n  t o  t h i s  w o r k  i s  t h a t  
a l m o s t  a l l  o f  t h e  e c o n o m i c  m i n e r a l i z a t i o n  h a s  b e e n  m i n e d  f r o m  t h e  w o r k i n g s  
t h a t  w e r e  a c c e s s i b l e .  A n o t h e r  l i m i t a t i o n  i s  t h a t  t h e  v e i n s  c o u l d  b e  
e x a m i n e d  o n l y  i n  t w o  d i m e n s i o n s  a n d  f o r  r e l a t i v e l y  s h o r t  d i s t a n c e s  a l o n g  
s t r i k e .  
S t r u c t u r a l  c o n t r o l  o f  t h e  m i n e r a l i z a t i o n  h a s  l o n g  b e e n  r e c o g n i z e d  
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in the S ilver Plume area and S purr,  Garrey,  and Ball  (1908) and Lovering 
and Go ddard (1950) both present many classic examples.  They recognized 
two con trols in part icular.  The relatively competent granite is  more 
favorable for persistent veins than the relatively weak metamorphic rocks 
or the Tertiary intrusive rocks,  and intersections of veins and deflections 
in veins are favorable for the development of ore shoots.  Their  i l lustra­
tions will  not be reproduced in this work, but reference should be made to 
ther many e xcellent diagrams. Specific examples of structural  control  
note! in the present work w ill  be indicated in the discussions of the 
underground w orkings.  
A hydrothermal origin for the veins in the Silver Plume area is  
(or vas) not always subscribed to by work ers in the area.  Spurr,  Garrey,  
and l all  (1908) indicate that  most,  i f  not al l ,  of the sulfantimonides 
and :u lfarsenides are supergene and strongly suggest  that  some o f the 
sphaerite and galena down to at  least  the level of the Mendota tunnel 
(9,210 f eet)  was deposited from downward percolating groundwater.  The 
more recent explanation of the mineralization,  if  not the most correct ,  
is  pit  forth by Lovering and Goddard (1950) and followed by most of the 
geologists working in the Mineral  Belt .  This explanation is  that  the 
deposits  are clearly hydrothermal and that  the sulfosalts  are mainly of 
primary origin in the mesothermal-epithermal zone.  The author concurs in 
a hyirothermal origin at  least  for the portions of the veins observed in 
this study. However,  the depth to which supergene deposit ion persisted 
is  uiknown, and this aspect of the mineralization could not be studied 
becaise of the inaccessibil i ty of the near-surface workings.  Many of 
the sulfosalts ,  and part icularly polybasite and pyrargyrite commonly 
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noted in the upper portions of the Silver Plume veins,  may be deposited 
under ei ther hydrothermal or supergene conditions.  Spurr,  Garrey,  and 
Ball  (1908) may be correct  in ascribing a supergene origin to much of the 
mineral ization in the upper portions of the veins.  Lovering and Goddard 
(1950, p.  141-142) give detailed descript ions of some of the near-surface 
mineralization but leave the question of depth of supergene deposit ion 
in doub t.  
The age of the mineral ization in the Mineral  Belt  is  usually 
considered to be "Laramide," or early Tertiary-late Cretaceous age 
(Lovering and Goddard,  1950, p.  3-4).  In support  of this idea,  Faul 
(1954, p.  263) indicates that  pitchblende from the Central  City distr ict  
gives ages of from 57 to 70 m .y. ,  based on l i-Pb methods.  These ages 
correspond to the Tertiary-Cretaceous boundary as defined by Holmes (1959).  
However,  Banks and S ilver (1964) arrive at  a different conclusion from 
the Ce ntral  City pitchblende and suggest  that  the various U-Pb and Pb-Pb 
rat ios indicate that  the uranium mineralizat ion at  Central  City may have 
ranged in age from 35 to 110 m.y.  In any event,  pitchblende represents 
the e arl iest  phase of mineral ization at  Central  City (Sims, Drake and 
Tooker,  1963),  and the galena-sphaleri te mineralizat ion is  later .  There 
is  addit ional evidence that  the mineralizat ion at  Silver Plume is  much 
more r ecent than "Laramide." Work by Wallace and others (1967),  and 
Taylor and King (1967) at  the Urad mine,  Clear Creek County,  indicates 
that  the rhyoli te associated with the molybdenum m ineral ization there is  
Oligocene (27 m.y.)  in age.  The alaskite porphyry at  Silver Plume is  
l i thologically nearly identical  to the border phase of the rhyolite at  
Urad and a number of other small  stocks of similar rocks in the vicinity 
T - 1 2 0 2  
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( R i c h a r d  B .  T a y l o r ,  o r a l  c o m m u n i c a t i o n ) ,  a n d  i s  p r o b a b l y  a l s o  O l i g o c e n e  
i n  a g e .  S i n c e  t h e  v e i n s  a l o n g  t h e  P e l i c a n - B i s m a r k  f a u l t - d i k e  z o n e  c u t  
t h e  O l i g o c e n e  a l a s k i t e ,  t h e y  a r e  c l e a r l y  o f  O l i g o c e n e  o r  y o u n ge r  a g e .  
T h e  o t h e r  v e i n s  i n  t h e  a r e a  a r e  p r o b a b l y  a l s o  O l i g o c e n e  o r  y o u n g e r  a s  
t h e r e  i s  n o  e v i d e n c e  f o r  m o r e  t h a n  o n e  m a j o r  p e r i o d  o f  m i n e r a l i z a t i o n .  
H i s t o r y  o f  M i n i n g  
M i n i n g  i n  t h e  S i l v e r  P l u m e  a r e a  b e g a n  s o m e w h a t  l a t e r  t h a n  i n  
a d j a c e n t  d i s t r i c t s  i n  t h e  F r o n t  R a n g e .  G o l d  w a s  f i r s t  d i s c o v e r e d  a t  
G e o r g e t o w n  i n  1 8 5 9 ,  a n d  s i l v e r  w as  d i s c o v e r e d  a t  t h e  B e l m o n t  l o d e  a b o u t  
5  m i l e s  s o u t h w e s t  o f  S i l v e r  P l u m e  i n  1 8 6 4 .  T h e  B e l m o n t  l o d e  w a s  t h e  f i r s t  
r e c o r d e d  l o d e  c l a i m  i n  C o l o r a d o  a n d  t h e  f i r s t  p a y i n g  ( p r o d u c i n g ? )  m i n e .  
D u r i n g  1 8 6 6  a n d  1 8 6 7 ,  m a n y  o f  t h e  v e i n s  a t  Si l v e r  P l u m e  w e r e  d i s c o v e r e d ,  
n o t a b l y  t h e  T e r r i b l e  a n d  B r o w n  l o d e s .  I n  1 8 5 8 ,  t h e  D i v e s  a n d  t h e  P e l i c a n  
l o d e s  w e r e  s t a k e d  b y  d i f f e r e n t  p a r t i e s  a l o n g  w h a t  i s  n o w  k n o w n  t o  b e  a  
m a j o r  f a u l t  a n d  a s s o c i a t e d  d i k e .  H o w e v e r ,  t h e  c l a i m s  w e r e  o n l y  5 0  f e e t  
w i d e ,  a n d  f o r  t h i s  a n d  o t h e r  r e a s o n s ,  i n c e s s a n t  l i t i g a t i o n  f o l l o w e d  a l m o s t  
i m m e d i a t e l y .  I n  t h e  s a m e  y e a r ,  t h e  B u r l e i g h  t u n n e l  w a s  s t a r t e d ,  f i r s t  b y  
h a n d  a n d  t h e n  b y  u s e  o f  t h e  f i r s t  a i r - d r i v e n  h a m m e r  u s e d  f o r  m i n i n g  i n  
t h e  U n i t e d  S t a t e s ,  t h e  B u r l e i g h  d r i l l .  B y  1 8 7 0 ,  t h e  S e v e n - t h i r t y  v e i n  
w a s  d i s c o v e r e d ,  a n d  t h e  t o w n  w h ic h  h a d  s p r u n g  u p  h a d  g a i n e d  t h e  n a m e  o f  
S i l v e r  P l u m e ,  s u p p o s e d l y  f o r  t h e  s i l v e r  v a l u e s  o f  t h e  o r e  a n d  t h e  p l u m e ­
l i k e  c h a r a c t e r  o f  a  p a r t i c u l a r  o r e  s p e c i m e n .  A l s o  i n  1 8 7 0 ,  t h e  K a n s a s  
P a c i f i c  a n d  t h e  D e n v e r  P a c i f i c  r a i l r o a d s  r e a c h e d  D e n v e r ,  a n d  a  g r a d u a l  
d r o p  i n  t h e  p r i c e  o f  s u p p l i e s  b e g a n .  H o w e v e r ,  s m e l t i n g  c o s t s  w e r e  s t i l l  
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$60 per ton in that  year,  blasting powder was $1 per pound, and coal oil  
was $3 jer  gallon.  Also in 1870, Brit ish interests purchased the Terrible 
mine an t began operations of what were to be a series of Brit ish-controlled 
companies that  lasted unti l  1900. (For an extremely interesting account 
of these B ri t ish companies and their  impact on the area,  see Spence,  1957.)  
By 1872 significant production was coming from the area,  but the si lver 
panic o 1873 lead to an almost complete cessation of mining, followed 
by a gridual resumption of mining. By 18 75, the population of Silver 
Plume w <s 2,000 people.  The Pelican and the Dives mines were consolidated 
in that  year,  to be followed later by the Bismark and the Seven-thirty 
mines.  However,  l i t igation continued in direct  proportion to the profit­
abil i ty of the operat ions.  By 1 877, the Colorado Central  Railroad reached 
Georgehwn, and by 1893, i t  reached Silver Plume i tself  over the George­
town lotp.  In 1893, s i lver was demonetized,  and production was greatly 
reduced in the si lver distr icts of Colorado in general .  However,  in 1894, 
Silver Plume reached i ts  maximum production.  In 1896, the Seven-thirty 
mine w as shut down. Production and pumping costs were exhorbitant from 
the bottom of the 800-foot-deep Hercules Shaft ,  which could be reached 
only by w ay of the steep winding wagon road along the slope to the north 
of Silver Plume. Further developments were to resume with the intersec­
tion of the vein by the Burleigh tunnel .  Upon reaching what was apparently 
the vein,  no o re and very l i t t le mineralization was found at  the end of 
the tunnel.  Zinc production began w ith a shipment from Georgetown in 
1899, and a gradual increase in zinc production began to reach a maximum 
during the First  World War .  Production then faltered during the period 
unti l  World War I I ,  and mining was confined to lessors and various 
t  I  KJL.  
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exporation ventures.  However,  most of the dumps at  the lower elevations 
wen reworked by m ills  at  Silver Plume in the period between the wars.  
Durng 1943-1944, the Pelican-Bismark, the Mendota,  and the Smuggler mines 
wen reopened, and significant lead-zinc ore was shipped. During the war,  
the Bureau of Mines under the Strategic Mineral  Acts examined the mineral  
potential  of the area and established 160,000 tons of mineable ( inferred) 
ore in the area.  Since World Wa r I I ,  various blocks of ore have been 
rnimd. The main portion of this ore came from the Union tunnel where the 
Terible vein was mined from about creek level to about 400 f eet  below, in 
the Smuggler mine where operations were carried on to a depth of 680 f eet  
beliw t he surface,  in the Howard Winze on the North Frosberg vein in the 
Mendota tunnel to a depth of about 380 feet ,  and in a few s cattered blocks 
of tre on the Pelican-Bismark system. 
Lovering and Goddard (1950, p.  138) indicate that  the total  
production of the entire Georgetown-Silver Plume a rea was about $30,000,000. 
I t  s  est imated that  about half  of that ,  or $15,000,000 came from the 
SiVer Plume a rea.  (The Colorado Central  mine at  Georgetown alone accounted 
for$8,000,000 of the difference,  according to Lovering and Goddard.)  
However,  records cannot be obtained for many of the mines throughout their  
producing history,  and the f igure of $15,000,000 for the area is  open to 
question.  I t  is  difficult  to correlate representative production figures 
given for certain mines with the total  production within the area.  For 
instance,  Lawrence (1897) indicates that  the Pelican mine alone shipped 
$5,000,000 worth of ore between the years 1872 and 1 876, while the total  
production of the whole of Clear Creek County for those f ive years was 
only about $8,627,000 (Henderson, 1926).  McReynolds (1903) indicated 
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that there were es timates of the production from the Pelican-Bismark-
Dives vein system that ranged from $8,000,000 to $15,000,000 up t o 1903. 
Alteration 
The alteration adjacent to the veins (Figure 18) at  Silver 
Plume rarely exceeds 10 feet in width (with one prominent exception which 
wi11 be d iscussed).  Probably the principal use of alteration as a guide 
to ore is to distinguish umnirieralized but al tered vein structures from 
unmineralized fractures.  Relatively l i t t le work wa s done on the altera­
tion because of i ts  limited use in exploration as well as the availabili ty 
of detailed studies of the alteration in nearby d istricts.  
The most recent study of the al teration in the central portion 
of the Front Range is  that completed by Took er (1963), which includes 
detailed studies of the alteration in the Central City-Idaho Springs-
Lawson area. The maximum width of alteration that he noted, 8.0 feet,  is  
roughly equal to that encountered at  Silver Plume. Tooker differentiated 
four zones in the altered wall rocks: 
Zone 1: This zone, which is the farthest from the vein, con­
sists of fresh rock in which the most e asily altered 
mineral,  plagioclase, is  unaltered or weakly altered 
to clay minerals as a result  of deuteric processes.  
Zone 2: This zone consists of weakly argill ized rock in which 
the original structures and textures are preserved 
but in which the plagioclase is al tered to a dull  chalky 
luster.  The plagioclase and the hornblende alter to 











































































































montmoril lonite,  mite,  and mixed-layer clay.  
Zone 3 :  This zone generally consists of strongly argil l ized 
rock which retains much o f i ts  original  structures 
and texture.  I t  may be broken down into an outer sub-
zone of montmoril lonite-rich rock that  grades into an 
i l l i te-rich subzone toward the vein and f inally a sub-
zone of kaolinite-rich rock. 
Zone 4:  The innermost zone consists of a hard bleached rock 
that  has lost  most of i ts  original  structures and 
texture.  The rock consists largely of serici te,  quartz,  
and secondary K-feldspar.  
Perhaps a more pert inent study was completed by Gon zalez-Bonorino 
(1956),  who w orked throughout the Front Range Mineral  Belt  but differenti­
ated a "Pattern II" al teration in the Georgetown and Ward areas.  His 
pattern II  al teration consists of a single zone characterized by a mixture 
of k aolinite,  hydromica,  and montmoril lonite in variable proportions.  
For the present study, a number of hand specimens were collected 
from representative si tes ,  and ten of these were used to prepare thin 
sections of the rocks.  The min eral  identif ications are the result  of 
35 x-ray powder photographs of small  picked samples corresponding to the 
material  seen in the thin sections.  I t  must be emphasized that  the work 
was not exhaustive.  
There were a surprising number of differences noted from the 
work by Tooker (1963) and Gonzalez-Bonorino (1956).  The principal ones 
were that  no m ontmoril lonite was noted on the powder patterns,  and that  
siderite was very common. The only mica noted on the powder patterns was 
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1 M  m u s c o v i t e  ( f o l l o w i n g  t h e  w o r k  o f  S m i t h  a n d  Y o d e r ,  1 9 5 2 ) .  T h e  m a t c h  t o  
1 M  m u s c o v i t e  a s  g i v e n  i n  t h e  w o r k  b y  S m i t h  a n d  Y o d e r  i s  n o t  e x a c t ,  b u t  i s  
c l o s e r  t h a n  f o r  a n y  o f  t h e  o t h e r  m u s c o v i t e  p o l y t y p e s .  T h e  p o w d e r  p a t t e r n s  
o  
c o n t a i n  n o  l i n e s  g r e a t e r  t h a n  a p p r o x i m a t e l y  1 0  A  a s  w o u l d  b e  e x p e c t e d  
f r o m  t h e  m o n t m o r i l l o n i t i c  g r o u p  c l a y s  ( 1 4  K ) .  N o  s e p a r a t e  a l t e r a t i o n  
z o n e s  c o u l d  b e  d i f f e r e n t i a t e d  a s  h a d  b e e n  d o n e  b y  T o o k e r  ( 1 9 6 3 ) .  T h e  l a c k  
o f  z o n e s  t h u s  r e f l e c t s  t h e  i d e a s  o f  G o n z a l e z - B o n o r i n o  ( 1 9 5 6 ) .  T h e r e  a r e  
n o  r e a d i l y  a p p a r e n t  d i f f e r e n c e s  i n  t h e  a l t e r a t i o n  e f f e c t s  w i t h  v a r i a t i o n s  
i n  l i t h o l o g y ;  h o w e v e r ,  m o r e  w o r k  w o u l d  p r o b a b l y  s h o w  s o m e  v a r i a t i o n s .  
T h e  o u t e r m o s t  e f f e c t  o f  t h e  a l t e r a t i o n  i n  t h e  S i l v e r  P l u m e  a r e a  
i s  t h e  c h a n g e  o f  p l a g i o c l a s e  t o  a  f i n e - g r a i n e d  a g g r e g a t e  o f  1 M  m u s c o v i t e  
( " s e r i c i t e " ) ,  k a o l i n i t e ,  a n d  p o s s i b l e  s i d e r i t e .  Q u a r t z ,  m i c r o c l i n e ,  t h e  
o r i g i n a l  m u s c o v i t e ,  a n d  t h e  b i o t i t e  a r e  l a r g e l y  u n a f f e c t e d .  T o w a r d  t h e  
v e i n ,  t h e  p l a g i o c l a s e  b e c o m e s  i n c r e a s i n g l y  a l t e r e d  u n t i l  i t  i s  c o m p l e t e l y  
d e s t r o y e d .  M i c r o c l i n e  i s  u n a f f e c t e d  u n t i l  m u c h  o f  t h e  p l a g i o c l a s e  i s  
h i g h l y  a l t e r e d .  M i c r o c l i n e  a l t e r a t i o n  b e g i n s  a l o n g  f r a c t u r e s  t o  k a o l i n i t e  
a n d  1 M  m u s c o v i t e ,  a n d  m o s t  o f  i t  h a s  b e e n  o b l i t e r a t e d  a d j a c e n t  t o  t h e  v e i n .  
A  z o n e  o f  s e c o n d a r y  K - f e l d s p a r  a d j a c e n t  t o  t h e  v e i n ,  a s  h a d  b e e n  n o t e d  b y  
T o o k e r  ( 1 9 6 3 )  i n  t h e  C e n t r a l  C i t y  a r e a ,  w a s  n o t  s e e n .  T h u s  i n  t h e  w a l l -
r o c k  n e x t  t o  t h e  v e i n ,  a l l  t h e  f e l d s p a r s  h a v e  b e e n  r e p l a c e d  b y  a  f i n e ­
g r a i n e d  a g g r e g a t e  o f  1 M  m u s c o v i t e  s i d e r i t e ,  k a o l i n i t e ,  a n d ,  l o c a l l y ,  
e p i d o t e .  T h e  q u a r t z  i s  u n a f f e c t e d .  B i o t i t e  a l t e r a t i o n  b e g i n s  t o w a r d  t h e  
o u t e r  l i m i t  o f  a l t e r a t i o n  a n d  i n c r e a s e s  t o w a r d  t h e  v e i n ,  t o  b e c o m e  e i t h e r  
r o u g h l y  p s e u d o m o r p h o u s  m u s c o v i t e  m a s s e s  o r  m a s s e s  o f  f i n e - g r a i n e d  m u s c o ­
v i t e ,  m a g n e t i t e ,  a n d  i r o n  h y d r o x i d e s  t h a t  r e t a i n  t h e  o u t l i n e  o f  t h e  
o r i g i n a l  b i o t i t e .  T h e  o r i g i n a l  s t r u c t u r e s  a n d  t e x t u r e  o f  t h e  w a l l  r o c k s  
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a r e  n o t  o b l i t e r a t e d  a d j a c e n t  t o  t h e  v e i n .  A  d i a g r a m m a t i c  s k e t c h  o f  t h e  
a l t e r a t i o n  e f f e c t s  i s  g i v e n  i n  F i g u r e  1 8 .  
S m a l l  p a t c h e s  a n d  m a s s e s  o f  k a o l i n i t e  a n d  c a l c i t e  o c c u r  v e r y  
f r e q u e n t l y  a l o n g  t h e  d r i f t s  a n d  t u n n e l s  i n  c i r c u m s t a n c e s  t h a t  c l e a r l y  
i n d i c a t e  d e p o s i t i o n  s i n c e  t h e  b e g i n n i n g  o f  m i n i n g .  M o s t  o f  t h e  s u l f i d e s  
i n  t h e  v e i n s  d o  n o t  s h o w  t h e  e f f e c t s  o f  s u p e r g e n e  a l t e r a t i o n  i n  t h e  s e n s e  
t h a t  t h e  w o r d  i s  u s u a l l y  a p p l i e d  t o  s u l f i d e s .  T h e  c o p p e r  m i n e r a l s  s h o w  
n o  s i g n  o f  a l t e r a t i o n  t o  c h a l c o c i t e  o r  c o p p e r  c a r b o n a t e s ,  a n d  t h e  p y r i t e  
i s  f r e s h  o r  o n l y  t a r n i s h e d .  H o w e v e r ,  t h e s e  o c c u r r e n c e s  o f  k a o l i n i t e  a n d  
c a l c i t e  a r e  u n d o u b t e d l y  t h e  r e s u l t  o f  s u p e r g e n e  ( d e s c e n d i n g  w a t e r )  p r o ­
c e s s e s ,  a n d  t h e i r  p r e s e n c e  s h o u l d  b e  a t t r i b u t e d  t o  t h e  e f f e c t s  o f  h y d r o -
t h e r m a l  a l t e r a t i o n  w i t h  c a u t i o n .  
W i t h i n  t h e  g e n e r a l  s e q u e n c e  o f  t h e  a l t e r a t i o n  n o t e d ,  c e r t a i n  
p o r t i o n s  o f  v e i n s  a n d  c e r t a i n  v e i n s  s h o w e d  o b v i o u s  d i f f e r e n c e s  i n  t h e  
e f f e c t  o f  a l t e r a t i o n .  A  p r o m i n e n t  e x c e p t i o n  t o  t h e  g e n e r a l i z a t i o n  t h a t  
t h e  a l t e r a t i o n  z o n e s  t e n d  t o  b e  n a r r o w  o c c u r s  i n  t h e  D i a m o n d  t u n n e l  a l o n g  
t h e  P e l i c a n - B i s m a r k  a n d  C o r r y  C i t y  v e i n s  ( P l a t e  7 ) .  H e r e  t h e  a l t e r e d  
z o n e s  a r e  u p  t o  1 0 0  f e e t  w i d e  ( a l t h o u g h  t h e  P e l i c a n - B i s m a r k  v e i n  i s  l a r g e l y  
o b s c u r e d  b y  t i m b e r )  a n d  a r e  m a r k e d  b y  t h e  d e v e l o p m e n t  o f  a b u n d a n t  m u s c o -
v i t e  i n  t h e  s i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s .  T h e  r o c k  i s  f r e q u e n t l y  
s o  a l t e r e d  a s  t o  b e  f r i a b l e .  T h e  w i d e  z o n e  o f  a l t e r a t i o n  i n  t h e s e  a r e a s  
c a n  b e  a t t r i b u t e d  t o  a  n u m b e r  o f  f a c t o r s  t h a t  a c t e d  i n  c o n j u n c t i o n  w i t h  
e a c h  o t h e r .  T h e  P e l i c a n - B i s m a r k  v e i n  p r o b a b l y  r e p r e s e n t s  t h e  m a j o r  c h a n n e l  
o f  m i n e r a l i z a t i o n  i n  t h e  a r e a  a n d  i s  r e l a t e d  t o  a  m a j o r  f a u l t - d i k e - v e i n  
z o n e  t h a t  e x t e n d s  f a r  b e y o n d  t h e  m a p p e d  a r e a .  T h e  f a u l t i n g  w i t h i n  t h e  
z o n e  h a s  a p p r e c i a b l e  w i d t h  i n  a  c o m p l e x  b r a i d e d  s y s t e m .  T h e  P e l i c a n - B i s m a r k  
, - I L. >.J L. 
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v e i n  a l s o  r e p r e s e n t s  t h e  h i g h e s t  t e m p e r a t u r e  o f  s u l f o s a l t  d e p o s i t i o n  
w i t h i n  t h e  a r e a  ( p .  1 2 4 - 1 2 6 ) .  A  c o n t r i b u t i n g  c a u s e  i s  t h a t  t h e  m e t a m o r -
p h i c  r o c k s  a l o n g  t h e  D i a m o nd  t u n n e l  c o n s i s t  o f  s i l l i m a n i t i c  b i o t i t e - q u a r t z  
g n e i s s  w i t h  a  h i g h  c o n t e n t  o f  b i o t i t e  a n d  s i l l i m a n i t e .  B o t h  o f  t h e s e  
m i n e r a l s  a r e  s u b j e c t  t o  r e a d y  c h a n g e  t o  m u s c o v i t e  i n  t h e  p r e s e n c e  o f  h y d r o -
t h e r m a l  o r  m e t e o r i c  w a t e r s .  T h e  s a m e  f a c t o r s  p r o b a b l y  a p p l y  t o  t h e  
C or r y  C i t y  v e i n  b u t  c a n n o t  b e  d e m o n s t r a t e d .  
T h e r e  a r e  a l s o  n um e r o u s  o t h e r  m o r e  m i n o r  v a r i a t i o n s .  T h e  
M e n do t a  v e i n  i n  t h e  M e n d o t a  t u n n e l  ( P l a t e  6 )  s ho w s  a n  a l t e r a t i o n  z o n e  u p  
t o  1 0  f e e t  w i d e  f r o m  a  c l e a r l y  d e f in e d  v e i n  a n d  f i t s  t h e  g e n e r a l  p a t t e r n .  
T h e  T i s h o m i n g o  v e i n  t o  t h e  n o r t h  e x h i b i t s  a  n a r r o w e r  a l t e r a t i o n  z o n e ,  b u t  
t h e  v e i n  i t s e l f  i s  m a r k e d  b y  m u c h  g o u g e  a n d  o b v i o u s  o f f s e t s  i n  t h e  s u l f i d e s .  
T h e  C a s h i e r  v e i n  e x h i b i t s  n o  g o u g e ,  a n d  t h e  a l t e r a t i o n  e f f ec t s  a r e  s l i g h t .  
T h e  r o c k  i s  o n l y  w e a k l y  a l t e r e d ,  a n d  t h e  r o c k  i m m e d i a t e l y  a d j a c e n t  t o  t h e  
v e i n s  i s  h a r d .  S i m i l a r  v a r i a t i o n s  c a n  b e  s e e n  i n  o t h e r  w o r k i n g s .  T h e  
J o h n n y  B u l l  v e i n  ( P l a t e  5 )  i s  c h a r a c t e r i z e d  b y  a  p r o m i n e n t  d e v e l o p me n t  o f  
a  t a n ,  f i n e - g r a i n e d  m a t e r i a l  a d j a c e n t  t o  a n d  i n t e r g r o w n  w i t h  t h e  s u l f i d e s .  
T h i s  m a t e r i a l  i s  l a r g e l y  s i d e r i t e  a n d  1 M  m u s c o v i t e .  
E c o n o m i c  M i n e r a l o g y  
T h e  h y po g e n e  v e i n s  o f  S i l v e r  P l u m e  c o n s i s t  o f  a  r e l a t i v e l y  
s i m p l e  s u i t e  o f  m i n e r a l s .  S p h a l e r i t e ,  g a l e n a ,  a n d  p y r i t e  a r e  u b i q u i t o u s  
i n  a l l  o f  t h e  v e i n s ,  w i t h  v a r i a b l e ,  b u t  q u a n t i t a t i v e l y  m i n o r  a m ou n t s  o f  
a n t i m o n y  o r  a r s e n i c  s u l f o s a l t s ,  n o t a b l y  t e t r a h e d r i t e ,  p o l y b a s i t e ,  a n d  
p y r a r g y r i t e .  I n  a d d i t i o n ,  s u p e r g e n e  s u l f i d e s  w e r e  p r e s e n t  i n  v a r i a b l e  
S  ™  i t - u t .  
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quantities in the upper portions of many of the veins.  These have long 
been mined out and were not seen in the present study. However,  a number 
cf  specimens of acanthite,  in part icular,  were recovered from various 
collections,  as well  as a number of other possibly supergene minerals that  
are noted accordingly.  Another group of secondary minerals was also 
examined that  generally have not been noted in the studies of Colorado 
ore deposits .  These are the white coatings of "hair" on the mine workings 
and even on the t imbers in the mines.  They form a surprisingly diverse 
group of minerals,  including zinc sulfates with various degrees of hydra­
t ion,  as well  as zinc,  calcium, magnesium, and iron carbonates.  They have 
certainly been deposited since the s tart  of mining and, indeed, are s t i l l  
being deposited.  The veins of the Mendota tunnel show the greatest  variety 
of these chiefly soluble minerals because of i ts  low h umidity.  Most of 
the other workings are too wet to retain them. 
In a number of instances,  reference wil l  be made to i tems from 
the Randall  collection.  Mr. Jesse S.  Randall  was possibly better known as 
the editor of the Georgetown Courier for many y ears,  but was an avid min­
eral  collector as well  (Digerness,  1945).  Some of his identifications 
were questioned in the course of this work and are so noted.  Many more 
were identified correctly and are not specif ically mentioned. Certainly 
the specimens he donated to the Colorado School of Mines collection proved 
most valuable.  
Unless otherwise specified,  al l  of the mineral  identif ications 
v/ere verified by x-ray powder photography. In addit ion,  many were analyzed 
by s emiquantitat ive emission spectrography (Table 5).  Care was taken to 
obtain pure material  for the spectrograph!c analyses,  but many undoubtedly 
-  \zuz  
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c o n t a i n  v a r i o u s  a m o u n t s  o f  i m p u r i t i e s .  T h e  d e t a i l s  o f  t h e  s p e c t r o g r a p h i c  
- . e c h n i q u e s  u s e d  i s  d e t a i l e d  i n  t h e  A p p e n d i x ;  t h e  a c c u r a c y  o f  t h e  a n a l y s i s  
s  +  1 0 0  p e r c e n t .  M u c h  o f  t h e  d e t a i l  o f  t h e  m i n e r a l o g y  o f  t h e  s u l f i d e s  
n  p a r t i c u l a r  i s  b a s e d  m a i n l y  o n  a  s t u d y  o f  a b o u t  2 5 0  p o l i s h e d  o r e  s a m p l e s  
v i t h  t h e  r e f l e c t i n g  m i c r o s c o p e .  
T h e  m i n e r a l s  o f  t h e  a r e a  a r e  d i v i d e d  i n t o  s e v e r a l  g e n e r a l  
( r o u p s ,  a n d  e a c h  m i n e r a l  i s  t h e n  l i s t e d  a l p h a b e t i c a l l y  w i t h i n  t h a t  g r o u p  
T a b l e  4 ) .  T h e  m i n e r a l s  a r e  d i s c u s s e d  i n  t h e  o r d e r  i n  w h i c h  t h e y  a r e  
i s t e d  i n  t h i s  t a b l e .  
i o T d  
T h e  g o l d  c o n t e n t  o f  t h e  v e i n s  i s  g e n e r a l l y  s o  l o w  t h a t  g o l d  
' a s  n o t  p a i d  f o r  a t  t h e  s m e l t e r s .  N o  n a t i v e  g o l d  w a s  s e e n  i n  a n y  o f  t h e  
p e c i m e n s  e x a m i n e d .  H o w e v e r ,  S p u r r ,  G a r r e y ,  a n d  B a l l  ( 1 9 0 8 )  i n d i c a t e  t h a t  
o m e  o f  t h e  s u p e r g e n e  o r e  l o c a l l y  h a d  a s  m u c h  a s  2  t o  3  o u n c es  o f  g o l d  p e r  
" . o n .  D u r i n g  t h e  y e a r s  o f  t h i s  w o r k ,  a  t o u r i s t  c o n c e s s i o n  a t  t h e  m o u t h  o f  
: h e  U n i o n  t u n n e l  u s e d  g o l d  p a n n i n g  a s  o n e  o f  i t s  a t t r a c t i o n s ,  a n d  i t  i s  
j o s s i b l e  t o  p a n  a t  l e a s t  a  f e w  c o l o r s  o f  g o l d  t o  t h e  p a n  f r o m  t h e  d u m p  
• . h e r e .  
m  1  v e r  
N a t i v e  s i l v e r  i s  ( o r  w a s )  f a i r l y  c o m m o n  l o c a l l y  i n  t h e  s u p e r -
< en e  p o r t i o n  o f  m a n y  o f  t h e  v e i n s .  A  n u m b e r  o f  s p e c i m e n s  w e r e  s e e n  b y  t h e  
w r i t e r  f r o m  p r i v a t e  c o l l e c t i o n s  t h a t  c o n s i s t e d  o f  f i n e  w i r e  s i l v e r  f r o m  
• a r i o u s  m i n e s  i n  t h e  S i l v e r  P l u m e  a r e a .  I n  a d d i t i o n ,  f i n e  w i r e s  o f  s i l v e r  
• r o w i n g  o n  t i n y  o c t a h e d r a l  ( ? )  c r y s t a l s  o f  a c a n t h i t e  ( a f t e r  a r g e n t i t e )  
v e r e  f o u n d  o n  t h e  9 0 - f o o t  l e v e l  o f  t h e  J o h n n y  B u l l  m i n e  i n  t h e  p r e s e n t  
\ - \ z oz  
Table 4: Vein and Secondary Mi nerals,  Silver Plume area. 
Native elements: 
Gold -  Au 
Silver -  Ag 
Sulfides: 
Acanthite ("argentite") -  Ag2S 
Arsenopyrite -  FeAsS 
Bornite -  Cu5FeS4 
Chalcocite -°CLI2S 
Chalcopyrite -  CuFeS2  
Covelli te -  CuS 
Galena -  PbS 
Jalpaite -  Ag3CuS2 
Mckinstryite -  Cug g^Ag-j 2_x s  
Pyrite -  FeS ?  
Sphalerite -  ZnS 
Sternbergite -  AgFe2S3  
Stibnite -  -bgSg 
Sulfosalts:  
Bournonite -  PbCuSbSg 
Polybasite-pearceite -  (Ag3Cu)-|5(Sb sAs)2^11 
Pvrargryite -  proustite -  Ag3(Sb,As)S3 
Pyrostilpnite-xanthoconite -  Ag3(Sb,As)S3  
Stephanite -  AggSbS^ 
Tetrahedrite-tennantite -  (CUjFe^^b.AsJ^S-ig 
Hal ides: 
Fluorite -  CaF2  
Carbonates: 
Azurite -  CugtCC^^OH^* 
Calcite -  CaC03  
Dolomite -  Ca(Mg,Fe,Mn)(C03)2 
Hydromagnesite -  MgA(0H)2(G0q)3 .3Ho0* 
Hydrozincite -  ZngtCChUlOHjg* 
Malachite -  Cu2C03(0H)2 
Siderite -  (Fe,Mg,Mn)C03 
Smithsonite -  ZnC03* 
T-1202 
Sulfates:  
Anglesite  -  PbSO** 
Bari te  -  BaSC^ 
Bianchite -  ZnSC^.GHoO 
Epsomite -  MgS0^.7H20* 
Goslar i te  -  ZnS54.7H20 
Gunningite -  ZnSC^.lF^O 
Gypsum -  CaSC^.BI^O* 
Si l icates:  
Kaolinite  -  A1 2Si"205(0H)4 
Quartz -  SiOg 
^Discussed together ur .der  "Minor secondary carbonates and 
sulfates" .  
r - 12 02  
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O o o o O o o O o o o o r— o o r— I - r— 1—" i— 1— r— 1—- J—-







o O o o i—• CM o O o o r— o o o 
0\ A A 
<>J 1—" CM 
•̂ o 










CD CD CD 
CD CD CD CD CD CD -•J -|X 4~> 
4-> 4X -IX -M •r— •r— •«— 
•r— •i— •r— •i— •i— •i— S=- S-
CO CO 03 L0 co CO >3 >3 
03 fd 03 03 o3 rd CO CO CO 
XI -O XO X3 XO S- s~ 
>> >> >> >3 >3 >3 03 03 03 
1—- i—- r~— r j—— l— S— S- S— 
O o o O o o >3 >3 >3 
Q- a. a. O., 
• 















I - \zuz 
87 
















o o O o o 
I— r— o r— r— 
+ + LO 











CD =j| CM O O O o o o 4-> 0| o r— O r—- r— r— o o + o + + + 
CD •» 














































CO i— l—• O cr> CD ct: LO +-> 
CO r̂  rd 
>^» •r-| 1 1 I 1 1 O 1 1 1 I ai o -d 1—- co| 1 t 1 1 1 O 1 1 1 1 • 03 CM 5 rd r— CD L,_ d d o • 4-> fd •i— CD fd 
o CD • h- fd 
•r— f d l  1 i 1 1 1 1 I 1 O | r— EE OJ -d CD I 1 1 I 1 1 | | 1 LO 1 r— O • d Q- 05 d fd 03 CO LJ- • 
0̂ 3 a 
CD >5 CD o d CD CJ CO-d 
4-5 Sn






1 ! LO ! 1 1 d _d E Z3 O-rd (J 1— o i— CD E 
CD Q_ E 
CO­ :o Lf-
CO ** d 
CD a-
O 
CD -0! r— o LO CM o o o O o | PCD > a) > D-l o o o o O o 1 > r— d "O 
•r— o o o o CM o CD •i— CD •r— 
-M ri n #* m 0t i— oo > C/) 
rd CM f— LO CXI r— r™- 4-5 4-> - 4-> •r- 13 
•i— <5-3 O Z3 co O 
+4 JO LO LO o o o o o 1 1 o cr> JO • d oo| i—- r— 1—• CM r— 1—- 1 1 o A 4-> ^ 
fd r— L|- d d CO * r-13 O > Z5 "O cr o o •<-2) S-
•r— XJ d d rd 
E d _v: CD N 
CD col LO LO o o O o o 1 1 1 CD d d d rsi oo <1 1 " ' " O LO 







• • fd 4-> 4J -x: -a 
' *S LU •r- •f— O C-
"O j—- r— O rd 
0) CD CD CD (D CD E rd rd C- jd 
13 CD CD +-> 4-j 4-5 4-5 4-> o O CJ >5 C) d 4~> •1— •r— •r— •r— •r— d O O rd •«— 
•r— •i—• •r— S- C- C- S- CD Li- —1 —J CL- DC 
4-> S- S- ~a *o -a "O "O CU 4-> CD d >5 CD a> CD CD CD 4-5 •r— 4-> 1 1 I 1 o CJ) CD _d -d -d JC JZ •i— d •r— o d S.- rd <d fd fd rd d •i— _d CM CO 



















CD i—• 1 1 1 I 1 1 1 1 i 1 
JO 
fd CO 03 O j—• CM CO LO LO 

























r— •r* CO 
n3 
G >> 
03 • O G 
G 03 G 







-a £ • LU • 
03 •r- ^—-x 
-p • G3 03 03 03 
o 03 •P > -G 5 CL 
03 G 3 O -P O O 
r— 3 JO CC CC -P 
03 GL O CO 





DO , 03 
lP -X G — • G , JG 
O -P CJ O O O • CM • •P • 
3 •1— 03 LO 03 03 03 • N. CO 
00 jD Cl CD CO ^ CD G M— r—" 
03 T3 O M" •M" O rd 
CO T3 G £ T3 C£ E S 1— CO -P 
>> 03 rd O G O • 0 -O to 
r~- -X =n G rd CD S- x-—» r— •P r— G >> 
(l5 O q- GO 4~ CM r— -P 03 G 
g •r— •»—̂  r— G v .X • 3 03 • O 
rd CL • • 03 O CO CO •P 
-a r— o rd G 03 rd •M- 03 • 00 >> 
CJ c 03 • 03 C CO CD r— >, 3 F— rd G 
•r— rd G CO G 3 G G m UJ t-
-G ZLZ G rd F— £ rd • G • -P 
Q- 3 O JG • 03 
rd F— A 03 rd G 03 • O s: SZ CO 
G • CO £ P M— £ CO G3 CO •P rd 
CD r— rd • 3 3 • (O • • 
O 03 -P r-» r— ~0 r— 0 r» 0 ^ ^  -P CD 
G G O LU CL G CO a. •» X I—- 0 V y CO rd G 
-P G -a 03 G 03 00 G3 
O 3 G p G ^ -r- G 03 > 03 CO SZ 
03 F— 03 rd 03 03 a) £ 03 — £ 1—• 1—1 
CL s > 03 > > 3 1—• CD 3 t—- 03 G 
oo rd -P 1—• SZ r—— r~— £ 1—• > 03 
-P 03 •i— •1— -P rd •r— Q- — 3 Q- • • 03 03 
03 o -C "O OO -P CO O 1— ^—>. 1— CO 
> -a -P rd ^ O v G OO CL. G • CM 
•r- g 03 0 -a 03 03 03 F— 1 - 03 
+-5 03 G M— JG 1—" G _G > 03 G > CO O 4-> 
rd •i— O -P 03 03 +•> 1—- sz 03 1—- • M* OO T-
•P -a •r— •p > •1— r— G 
•i— 03 G i—• G G co 1— CO ~O -A 
-P JC •i— rd •1— - XJ •1— M- •1— 00 • G 03 
G -P d) -P O G *> O co 0% • rd SZ 
rd > G G 0 rd G G G 0 rd 
13 G O 3= CO •a A 3: -—/ (O - G 
cr •r— CO CL O 0 O O G 03 O • O -P 
•r— G G >) DO G G 03 G G 03 O CO 03 
£ G 03 •M -X r— G -X •r— G v ^ -P 





3 -i-> S 
rd O 






G £ >> E -c >> >> LU 1—• >> G •r-
• • G Lu 3 •r- CO -P -P JO CD G 03 
s 03 -a *1—• X -r- •1— •1— 03 •r— •r— r~— 03 r— 
-O •r- _G 1— O (-•" r—- 1—* SZ G 1—• DO 03 0 03 CL 
03 J3 •P £ rd G rd rd •p 1—• G rd DO G 1— ^ £ 
3 CO G 0 a CL 03 0 O 03 O 3 •r— -P rd 
g rd O G 0 CL SZ 00 0 O •p CO F— O £ rd 03 X 
•r— O Lu _J <C 4-> C —J __! < < CO < CO 03 
-P 
a 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 
o 
o co r^ CO cr> O 1— CM CO LO CO CO 00 0 1—• 





















• • r— rd 
CO CD CD 
•(— 3 c >3 
rd CO c 
5»- £Z 3 CD 
CD rd I— 4-> 








"O 3 E o 
cd E rd 
4-5 •r— 
CJ XI Q 
cu 4-> • 
1— •r— CD OO 









CO E i— 4-5 LO 
CD •i— rd 4— • 
CO 4-3 •!— CO 
>5 S- L- 1—• 
1—• O "O LU 
rd CO CL 






CJ > • 4-5 CO cr 
•r— JO r— C •r-" 
jz O Z E 'f CD 
Cl O <Z > 
rd S- CD 
-̂ • o 4- Q- O 
CO ^—S • O CO 
o LO 00 C • • 
S- CO LU •r— CD 
4-5 • CJ 
O CO ,—^ 4-5 4-5 C c 
CD LO rd CO *r — o 
CL • CO CD CO 
CO r^ 4-5 2 4-5 
• CO • r— >> •r— 
CD i— -a O r— -a > • rd 4-5 JO rd 
•r- • •i— 
4-5 • M— 4—5 CO (4— 
rd h- o 4— CO O 
+-> oo •r- O 
•r— • • r— S - CL. r— 
4-5 o rd -a rd 
C < 4-5 4-5 
rd 00 s~ -a • 
3 CD • o cr rd O 
cr ST o Q- cm cr CL 
•i— •r— •»- /• CD 
E 4-5 4- «~ 4-5 
CD CD rd O rd rd 
00 CJ C CO • 
•r— •r— CL r— CL CO 
i— E i— EI E CD 
• • r— 3 rd O 3 S-
rd rd TO 3: -a 3 
-a 4-5 •r— >> 4-5 
CD CD 4-5 E E r— E CJ 
3 E O o O 4-5 o rd 
C •r— CJ %- SZ s- £-
•r— CQ CO LU Lu rd Lu <4-
4-> 
C 1 1 1 1 1 
o 
o CXI CO LO CO 





!  -  ZUZ 
90 
stdy.  The w ire si lver was found in small  vugs and is  probably supergene.  
Th vein here is  about 180 feet  below the surface.  A se miquantitat ive 
spctrographic analysis of this particular wire s i lver is  given in Table 5.  
Aanthite ("argenti te") 
Numerous examples of acanthite were recovered from the Colorado 
Saool of Mines and private collections from S ilver Plume. All  of them 
tht  have any recognizable crystal  form indicate that  they were pseudo-
mophs of the high-temperature (+179° C) form of Ag^S, argenti te.  The 
cuic and octahedral  forms of argentite were both present.  Some of the 
aanthite masses were up to one-half  a pound in weight,  and most were 
rdatively pure.  Analyses of two samples of acanthite are given in Table 5.  
Diaper (1897) described a specimen that  may have crystall ized as acan­
thite rather than inverted from argenti te.  He described the crystals as 
aigent i te,  with "paral lel  acicular greenish colored crystall ine forms, 
presenting somewhat the appearance of small  scraggy pine trees." 
Acanthite is  also common in al l  of the workings of the Johnny 
BUI mine but can easi ly escape identification as such. Many of the 
sl ickenside and joint  surfaces are coated with a dull  black mineral  that  
proved to be acanthite.  The occurrences here are probably supergene and 
aro c ertainly dist inct  from the coherent primary sulf ides that  contain 
abndant pyrargyrite and polybasite.  The acanthite occurrences at  the 
Jcmny Bull  mine are,  at  a minimum. 180 feet  below the outcrop of the 
vein.  
Arsenop.yri  te  
Arsenopyrite is  not a commonly noted mineral  in the Front Range 
T - 1 2 0 2  
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M i n e r a l  B e l t  a n d  h a s  n o t  b e e n  f o u n d  p r e v i o u s l y  n o r t h e a s t  o f  M o n t e z u m a .  
H o w e v e r ,  i t  w a s  f o u n d  i n  f o u r  l o c a t i o n s  i n  t h e  S i l v e r  P l u m e  a r e a  a n d  
p r o b a b l y  w i l l  b e  e n c o u n t e r e d  e l s e w h e r e  w i t h i n  t h e  a r e a .  I t  c a n  b e  f o u n d  
i n  a  n u m b e r  o f  d u m p s  a b o u t  1 , 6 0 0  f e e t  e a s t  o f  t h e  G r i f f i n  M o n u m e n t  ( E  1 7 -
1 8 ,  N  9 . 3 - 9 . 8 ) ,  w i t h  a b u n d a n t  p y r i t e  a n d  q u a r t z  w h e r e  i t  c a n  b e  i d e n t i ­
f i e d  i n  h a n d  s p e c i m e n .  I n  a d d i t i o n ,  i t  w a s  i d e n t i f i e d  i n  p o l i s h e d  s e c ­
t i o n  f r o m  t h e  M e n d o t a  v e i n  a t  t h e  t o p  o f  a  s t o p e  e x p o s e d  a t  t h e  s u r f a c e  
( E  1 7 . 5 ,  N  6 . 9 )  a n d  w a s  s e e n  i n  a  p o l i s h e d  s e c t i o n  w i t h  t h e  u s u a l  o r e  
m i n e r a l s  a s  w e l l  a s  l a t e r  p y r a r g y r i t e  f r o m  t h e  S m u g g l e r  M i n e .  I n  a l l  
t h e s e  c a s e s ,  t h e  a r s e n o p y r i t e  i s  i n t i m a t e l y  a s s o c i a t e d  w i t h  a n  e a r l y  
g e n e r a t i o n  o f  s h a t t e r e d  p y r i t e .  B o t h  t h e  a r s e n o p y r i t e  a n d  p y r i t e  a r e  
p r e s e n t  i n  b r e c c i a t e d  m a s s e s  w i t h  n o  c l e a r  o r d e r  o f  d e p o s i t i o n  a n d  b o t h  
h a v e  b e e n  c e m e n t e d  b y  q u a r t z  a l o n g  r a m i f y i n g  v e i n l e t s .  A r s e n o p y r i t e  a l s o  
o c c u r s  i n  2  t o  3  mm  c r y s t a l  g r o u p s  w i t h  t e t r a h e d r i t e  i n  s i d e r i t e  o n  t h e  
d u m p  o f  t h e  B r o w n  M i n e .  
B o r n i t e  
B o r n i t e  i s  a  v e r y  u n c o m m o n  m i n e r a l  i n  t h e  S i l v e r  P l u m e  a r e a .  
I t  w a s  s e e n  m i c r o s c o p i c a l l y  i n  a  s i n g l e  p o l i s h e d  s e c t i o n  a s  a  p o s s i b l e  
e x s o l u t i o n  p r o d u c t  i n  t e t r a h e d r i t e  f r o m  a n  u n k n o w n  l o c a t i o n  i n  t h e  M a i n e  
M i n e .  
C h a l c o c i t e  
O n l y  o n e  l a r g e  s p e c i m e n  o f  c h a l c o c i t e  w a s  s e e n  d u r i n g  t h e  
p r e s e n t  s t u d y ,  b u t  t h a t  s p e c i m e n  w a s  a l m o s t  t o t a l l y  c h a l c o c i t e  a n d  f i s t -
s i z e d .  T h i s  s p e c i m e n  d e f i n i t e l y  c a m e  f r o m  t h e  P a y r o c k  M i n e  ( s e e  d i s ­
c u s s i o n  o f  i t s  s i g n i f i c a n c e  i n  r e l a t i o n  t o  t h e  A g - C u - S  s y s t e m  u n d e r  t h e  
!  - 1  z u z  
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section on jalpaite).  In addition, minor chalcocite was seen replacing 
galena as microscopic veinlets in specimens from a number of surface pits 
and some minor veinlets exposed just to the east of Silver Plume during 
the highway construction work during 1967. 
Chalcop.yrite 
Chalcopyrite is  widespread throughout the area but is  nowhere 
present in significant quantity.  By far i ts most common oc currence is 
as an exsolution product in sphalerite and more rarely, tetrahedrite.  
The distribution of the chalcopyrite in the sphalerite is erratic,  but 
where i t  occurs,  an exsolution temperature of 350 to 400° C i s  indicated 
(Buerger,  1934)..  Chalcopyrite also occurs as thin veinlets crosscutt ing 
sphalerite and a s rims around s phalerite fragments.  Brett  (1964) has 
shown experimentally that such relationships, rather than indicating 
sequential deposition, may be a product of exsolution and are thus con­
temporaneous. This crosscutt ing chalcopyrite does not generally extend 
into the next major epi sode of mineralization, the deposition of galena. 
A f ew speci mens of acanthite and s ulfosalts are encrusted with t iny 
chalcopyrite crystals.  These oc currences probably represent supergene 
chalcopyrite.  
Covel11te 
Cove!lite is present very sparingly in the veins of the Silver 
Plume area, and then mainly as the result  of supergene alteration and 
deposition. I t  was seen in a few microscopic veinlets replacing galena 
with chalcocite from various surface and near-surface pits.  I t  also 
occurs as a 5- to 10-micron rim around a few masse s of McKinstryite found 
I - I cue 
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i n  c o n j u n c t i o n  w i t h  t h e  j a l p a i t e  s p e c i m e n s  f r o m  t h e  P a y r o c k  M i n e .  
G a l e n a  
G a l e n a  i s  a  m a j o r  s u l f i d e  t h r o u g h  t h e  a r e a  a n d  p r o b a b l y  c o n ­
t a i n s  t h e  b u l k  o f  t h e  s i l v e r  v a l u e s  i n  t h e  d e e p e r  p o r t i o n s  o f  t h e  v e i n s  
a s  v e r y  f i n e l y  e x s o l v e d  p o l y b a s i t e  o r  t e t r a h e d r i t e .  S o m e  s p e c i m e n s  s h o w  
c r y s t a l  f a c e s  i n  t h e  f o r m  o f  c u b e s  m o d i f i e d  b y  o c t a h e d r a l  f a c e s ,  o r  
s i m p l e  o c t a h e d r a l  f o r m s  w i t h  o r  w i t h o u t  " h o p p e r "  g r o w t h  d e v e l o p m e n t .  
T h e  g a l e n a  m a y  p r e s e n t  a  v e r y  d e c e p t i v e  a p p e a r a n c e  w h e n  i t  h a s  b e e n  
s h e a r e d  o r  f o l d e d ,  a n d  s u c h  i s  c o m m o n l y  t h e  c a s e  i n  s o m e  o f  t h e  v e i n s .  
T h e  r e s u l t i n g  " s t e e l "  g a l e n a  h a s  a  b a n d e d  a p p e a r a n c e .  O n e  s p e c i m e n  f r o m  
t h e  T i s h o m i n g o  v e i n  j u s t  b e l o w  t h e  M e n d o t a  t u n n e l  l e v e l  r e t a i n e d  n o  h i n t  
o f  c u b i c  c l e a v a g e  i n  h a n d  s p e c i m e n  b u t  l o o k e d  r a t h e r  l i k e  a  p i e c e  o f  
h e a v y  g r a p h i t e .  T h e  t r a c e - e l e m e n t  c o n t e n t  o f  t h e  g a l e n a  v a r i e s  g r e a t l y  
t h r o u g h  t h e  d i s t r i c t ,  a n d  t h i s  a s p e c t  o f  t h e  m i n e r a l o g y  w i l l  b e  d i s c u s s e d  
m o r e  f u l l y  i n  t h e  g e o c h e m i s t r y  s e c t i o n  o f  t h i s  t h e s i s .  
I n  p o l i s h e d  s e c t i o n ,  t h e  g a l e n a  i s  s e e n  t o  f o l l o w  t h e  s p h a l ­
e r i t e  w i t h  a  v e r y  f e w  e x c e p t i o n s .  M o s t  o f  t h e  s u l f o s a l t s  w e r e  d e p o s i t e d  
c o n t e m p o r a n e o u s l y  w i t h  t h e  g a l e n a  a s  e x s o l u t i o n  p r o d u c t i o n s  o r  s l i g h t l y  
l a t e r  a s  l a r g e r  m a s s e s ,  e s p e c i a l l y  i n  t h e  w e s t e r n  p o r t i o n  o f  t h e  a r e a  
a n d  i n  t h e  u p p e r  p o r t i o n s  o f  t h e  v e i n s .  T h e  e x s o l v e d  s u l f o s a l t s  a r e  i n  
t h e  m i n u s  0 . 1 - m m  r a n g e ,  b u t  t h e  l a t e r  s u l f o s a l t s  m a y  r e a c h  a  c e n t i m e t e r  
i n  d i a m e t e r .  
J a l p a i t e  a n d  m c k i n s t r y i t e  
d a l p a i t e  i s  n o t  a  c o m m o n l y  n o t e d  m i n e r a l  i n  o r e  d e p o s i t s  o f  
t h e  w o r l d ,  a n d  i t s  e x i s t e n c e  a s  a  d e f i n i t e  s p e c i e s  h a s  a t  t i m e s  b e e n  
1 - iZUZ 94 
discredited (Palache,  Berman and Fronde!,  1944).  Jalpaite has often 
been considered as a copper-rich variety of "argenti te";  and Eckel (1961, 
p.  59),  under this misconception,  indicated an occurrence of i t  at  the 
Payrock Mine.  Through the courtesy of Mr. Richard Rizzardi,  two s peci­
mens mad e avai lable for study proved to be some of the best  and largest  
specimens of jalpaite found in the United States to date.  A supplemen­
tary study of these specimens of jalpaite,  as well  as a number of others 
from o ther locali t ies,  will  be reported elsewhere (Grybeck and Finney, 
1968) in more detail .  
The two jalpaite specimens from S ilver Plume came from the 
Payrock Mine ( just  off  the mapped area at  what would be E 2 6.3,  N 10.2) 
and were mined in the 1890's.  Spurr,  Garrey,  and Ball  (1908, p.  204-205) 
give a short  summary of the mine wi th a stope map showing that  most of 
the mining was less than 1,200 Feet below the surface,  but indicated that  
the r ichest  ore was within 200 f eet  of the surface.  In the two a lmost 
f ist-sized specimens,  which consist  of 60 to 80 percent jalpaite,  there 
are also minor quantit ies of honey-yellow sphaleri te and galena,  with 
microscopic quanti t ies of covell i te,  polybasite and chalcopyrite ( in the 
galena),  and the recently discovered mineral ,  mckinstryite (Skinner,  
Jambor,  and Ross,  1966).  The galena and sphaleri te occur as rounded 
blebs up to 1 cm in s ize and are apparently earl ier  than the jalpaite .  
A su mmary of the properties of jalpaite from Grybeck and 
Finney (1968) indicates that  the Silver Plume m aterial  is  of the composi­
t ion Agj ooC u l  00S2'  T l i e  m i n e r a 1  1 S  tet ragonal with space group 14^/amd 
with a=3.633 ft ,  c=l1.743 ft ,  and z=8. The powder x -ray patterns wil l  be 
given more fully in the cited paper,  but the data given in the A.S.I .M. 
- I L.KJC. 95 
card index for artificial flg,  _ 55% 4 5S as determined by Skinne r (1966) 
are similar enough for positive identification. The distinction between 
acanthite and jalpaite is difficult  without the use of x-ray work, as i ts 
quantitat ive properties in polished section are almost identical to acan­
thi te .  
As seen in polished section, the jalpaite is almost pure. No 
acanthite occurs in i t  and only a very few blebs of mckinstryite (the 
largest reached about 2 m m in size).  The occurrence of these large jal­
paite specimens w ithout associated acanthite indicates a temperature of 
formation of less than 117° C. Skinner (1966, p.  22-24) points out that 
above that temperature, jalpaite forms a body-centered cubic phase with 
a large compositional f ield. Upon cooling, the higher temperature form 
decomposes into a mixture of acanthi te and jalpaite or mckinstryite and 
jalpaite unless the high-temperature form had ex actly the composition of 
jalpaite—a highly fortuitous situation. I t  is also probable that the 
high-temperature phase wo uld se parate into fairly fine-grained inter-
growths common to exsolution textures.  Thus the large masses of jalpaite 
found at  Silver Plume probably formed below 117° C fro m s olutions chat 
deposited only jalpaite to the exclusion of acanthite or mckinstryite.  
I t  is also known that at  least two other minerals along the 
Ag-Cu-S join occur in large masses at  Silver Plume. One large specimen 
of chalcocite from the Payrock Mi ne w as also furnished by Mr . Rizzardi 
for examination, and numerous specimens of acanthite were se en in masses 
and c rystals up to one-half pound in weight.  None of these specimens 
showed mixtures of these minerals with each other or with jalpaite.  There 
would appear to be som e basic chemical control that has separated these 
i ~ C.UC 
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m i i e r a l s .  T h e  t e m p e r a t u r e  o f  f o r m a t i o n  o f  t h e  j a l p a i t e  s u g g e s t s  t h a t  
t h s  i s  a  s u p e r g e n e  p r o c e s s .  
P y i  t e  
P y r i t e  i s  p r e s e n t  a l m o s t  e v e r y w h e r e  i n  t h e  v e i n s  o f  t h e  a r e a ,  
b u :  i n  v a r i a b l e  a m o u n t s .  O c c a s i o n a l l y  i t  m a y  b e  a l m o s t  t h e  o n l y  s u l f i d e  
i r a  p o r t i o n  o f  a  v e i n  b u t  i s  u s u a l l y  s u b s i d i a r y  t o  t h e  s p h a l e r i t e  a n d  
g d e n a .  M o s t  o f  t h e  p y r i t e  i s  e a r l y  i n  t h e  s e q u e n c e  o f  m i n e r a l i z a t i o n .  
I t  oc c u r s  a s  h i g h l y  b r e c c i a t e d  m a s s e s  t h a t  h a v e  b e e n  c e m e n t e d  b y  q u a r t z  
p r i o r  t o  t h e  d e p o s i t i o n  o f  s p h a l e r i t e .  H o w e v e r ,  p y r i t e  a l s o  w as  d e p o s i ­
t e e  i n t e r m i t t e n t l y  t h r o u g h o u t  t h e  s p h a l e r i t e  a n d  g a l e n a  d e p o s i t i o n .  
O c a s i o n a l l y  i t  c u t s  t h e  s p h a l e r i t e  i n  t h i n  v e i n l e t s  a n d  o c c u r s  a s  s c a t ­
t e r e d  a n h e d r a l  g r a i n s  i n  t h e  g a l e n a  a n d  o c c u r s  l o c a l l y  w i t h  t h e  t e t r a h e -
d r i t e .  I n  a d d i t i o n ,  a  n u m b e r  o f  s p e c i m e n s  o f  a c a n t h i t e  w e r e  n o t e d  t h a t  
w e r e  c o a t e d  w i t h  v e r y  f i n e  c r y s t a l s  o f  p y r i t e  o f  s u p e r g e n e  o r i g i n .  P r a c ­
t i c e s  t h a t  c r o s s c u t  t h e  v e i n s  i n  t h e  J o h n n y  B u l l  M i n e  h a v e  t h i n  l e a v e s  o f  
s u p e r g e n e  p y r i t e  a s s o c i a t e d  w i t h  a c a n t h i t e  a l o n g  t h e m .  
I t  w a s  n o t  p o s s i b l e  t o  i s o l a t e  a n y  s a m p l e s  o f  p y r i t e  d u e  t o  
t h e i r  b r e c c i a t i o n  a n d  f r a c t u r e  f i l l i n g  w i t h  s u l f i d e  a n d  g a n g u e  m i n e r a l s .  
H o w e v e r ,  t w o  s a m p l e s  o f  p y r i t e  t h a t  s e e m e d  p u r e  w e r e  p r e p a r e d  b y  h a n d  
p i c k i n g  u n d e r  a  b i n o c u l a r  m i c r o s c o p e .  T h e  s e m i q u a n t i t a t i v e  a n a l y s e s  f o r  
t h e s e  s a m p l e s  a r e  p r e s e n t e d  i n  T a b l e  5 .  
S p h a l e r i t e  
S p h a l e r i t e  i s  t h e  m o s t  c o m m o n  s u l f i d e  i n  t h e  v e i n s  o f  t h e  
a r e a  a n d  m a y  r e a c h  t h i c k n e s s e s  o f  3  f e e t  o r  m o r e .  A s  g e n e r a l l y  s e e n  i n  
t h e  v e i n s ,  i t  i s  d a r k  b r o w n  a n d  s h o w s  t w i n n e d  c r y s t a l  f a c e s  a n d  d e f i n i t e  
I " I L. \J» 
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zoning on sawed surfaces.  On polished surfaces,  i t  may sho w exsolved 
chalopyrite in minor quantit ies but is  commonly chalcopyri te-free to the 
l imit  of resolution of a reflecting microscope. There appears to be a 
tendency toward s l ightly l ighter shades of brown in the southwest portion 
of the thesis area,  especially in samples from the Johnny Bull  Mine.  
Chalopyrite is  largely absent in the sphaleri te from this mine.  Honey-
yell  cv o r  very l ight green, almost transparent,  sphalerite was noted in 
a nuroer of locali t ies:  in a small  pi t  in the saddle where the Pelican-
Bisma^k vein drops over into Brown Gulch (E 1 4.6,  N 13.7),  and in samples 
withjalpaite from the Payrock Mine.  
No at tempt was made to study the iron content of the sphaler­
i te o a temperature indicator following the work of Kullerud (1953).  
Mostof the sphaleri te was so strongly zoned that  i t  was obvious that  
than was a wide range in the iron content (which roughly corresponds to 
the evelopment of the yellow-to-brown-to-black coloration) during the 
sequnce of sphaleri te deposit ion at  any one locali ty.  In addit ion,  more 
recert  work by Barton and Toulmin (1966) raises serious quest ions as to 
the cpplicabi1ity of the sphalerite ,  geothermometer,  and work by Sims and 
Bartcn (1961) in the Central  City area indicates that  the sphalerite 
geottermometer is  not applicable in one nearby area.  
Ninety-seven hand-picked samples of sphalerite were analyzed 
for .heir  trace-element content by emission spectrography with the idea 
of determining zonal patterns in the trace-element content.  Various 
maps and manipulations were at tempted, but the results  were al l  unsat is­
factory.  The elem ents As,  Sb,  Ge, Sn,  Ga, Bi ,  Be, Mo, In,  and S r ei ther 
were not present above the maximum s ensit ivity or were present in less 
i ~ I z u z .  
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t h a n  1 0  p e r c e n t  o f  t h e  s a m p l e s  i n  m i n o r  a m o u n t s  t h a t  c o u l d  b e  a t t r i b u t e d  
t o  i n c l u s i o n s .  L e a d  w a s  p r e s e n t  i n  a l l  t h e  s a m p l e s  f r o m  t h e  l o w e s t  l e v e l  
o f  s e n s i t i v i t y  t o  o v e r  1  p e r c e n t ,  b u t  i s  u n d o u b t e d l y  d u e  t o  t h e  p r e s e n c e  
o f  g a l e n a  i n c l u s i o n s .  C o p p e r  s i m i l a r l y  s h o v / s  w i d e  v a r i a t i o n s  d u e  t o  t h e  
p r e s e n c e  o f  e x s o l v e d  c h a l c o p y r i t e ,  a n d  C d  r e a c h e s  1  p e r c e n t  i n  a l l  t h e  
s a m p l e s .  T h e  C d  i s  u n d o u b t e d l y  p r e s e n t  i n  t h e  s p h a l e r i t e  l a t t i c e  i n  
s o l i d  s o l u t i o n  w i t h  t h e  Z n ,  a s  h a s  b e e n  s u b s t a n t i a t e d  b y  a  g r e a t  n u m b e r  
o f  w o r k e r s  ( F l e i s h e r ,  1 9 5 5 ,  i n c l u d e s  a  c o m p i l a t i o n  a s  a n  e x a m p l e ) .  T h e  
A g  c o n t e n t  o f  t h e  s p h a l e r i t e  i s  w i d e l y  e r r a t i c ,  r a n g i n g  f r o m  2  p p m  t o  
o v e r  1  p e r c e n t .  E v e n  s p h a l e r i t e  f r o m  a  f e w  t e n s  o f  f e e t  a p a r t  m a y  s h o w  
3  o r  4  o r d e r s  o f  m a g n i t u d e  d i f f e r e n c e .  G e n e r a l l y  t h e  h i g h e r  v a l u e s  i n  
A g  f o l l o w  h i g h  v a l u e s  i n  P b ,  b u t  n o t  a l w a y s ,  a n d  t h e  w i d e  r a n g e  i n  A g  
v a l u e s  p r o b a b l y  i s  d u e  t o  i n c l u s i o n  o f  a  w i d e  v a r i e t y  o f  A g - b e a r i n g  
m i n e r a l s  i n  t h e  s p h a l e r i t e .  A l l  o f  t h e  s p h a l e r i t e  s h o w s  a  f a i r l y  c o n ­
s t a n t  r a n g e  i n  t h e  C o  c o n t e n t  o f  f r o m  2 0  t o  1 0 0  p p m .  T h e  s p h a l e r i t e  
l a t t i c e  p r o b a b l y  c a n  a c c o m m o d a t e  t h i s  a m o u n t  o f  C o ,  a s  H a l l  ( 1 9 6 1 )  h a s  
s h o w n  e x p e r i m e n t a l l y  t h a t  Z n S  w i l l  t a k e  u p  t o  3 3  m o l e  p e r c e n t  C o S  i n  
s o l i d  s o l u t i o n  a t  8 5 0 °  C .  C e r t a i n l y  t h e i r  i o n i c  r a d i i  i n  + 2  v a l e n c e  i s  
w e l l  w i t h i n  t h e  1 5  p e r c e n t  c r i t e r i a  o f t e n  u s e d  f o r  s u b s t i t u t i o n .  T h e  
i o n i c  r a d i u s  o f  Z n ^ +  i s  0 . 7 4  R ,  a n d  C o  i s  0 . 7 2  R  ( G r e e n ,  1 9 5 9 ) .  
S t e r n b e r g i t e  
E n d l i c h  ( 1 8 7 8 )  i d e n t i f i e d  s t e r n b e r g i t e  f r o m  t h e  T e r r i b l e  M i n e .  
H o w e v e r ,  t h e  m i n e r a l  s t e r n b e r g i t e  i s  o n e  o f  a  n u m b e r  o f  r a r e ,  i m p e r f e c t l y  
k n o w n  s t e r n b e r g i t e - g r o u p  m i n e r a l s ,  a l l  c h a r a c t e r i z e d  b y  t h e i r  s i l v e r -
i r o n  c o n t e n t  ( P a l a c h e ,  B e r m a n ,  a n d  F r o n d e ! ,  1 9 4 4 ,  p .  2 4 6 - 2 4 8 ) .  N o n e  w a s  
i -1 zu/. 
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seen in the present study, and the occurrence i s doubtful without more 
detai ls than are now kn own. 
St ibnite 
Endlich (1878) indicates st ibnite from the Terr ible Mine, and 
various tabulat ions have included this mineral,  notably Eckel (1961, 
p. 311). In addit ion, f ive specimens were found i n the C.S.M. col lec­
t ions from the Randall  col lect ion labeled "st ibnite." Without ex ception, 
they consisted e ntirely of sheared "s teel" galena. No s t ibnite was seen 
in pol ished section, and i ts fair ly obvious optical propert ies would 
probably have led to i ts identi f icat ion, i f  present, in any of the speci­
mens exam ined. The pre sence of ether antimony-bearing s ulfosalts indi­
cates that st ibnite could w el l  be present somewhere in the veins, but i t  
is not common a t best. 
Bournonite 
Bcurnonite i s not an u ncommon s ulfosalt ,  but none w as seen in 
the course o f this study. I t  was indicated by Endl ich (1878) from the 
Terr ible Mine. The i denti f icat ion remains a d ist inct possibi l i ty, 
although i t  may ha ve ref erred to any of a nu mber of similar sulfosalts 
that require x-ray identi f icat ion, short of a comp lete chemical analysis 
of pure material.  
Polybasite-pearceite 
Minerals of the polybasite-pearceite series are common i n the 
Silver Plume area. Much o f the Ag content of the galena i s in the form 
of t iny blebs or rods of polybasite. Crystals and m asses of polybasite 
I  -  I O JC  
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up t o a centimeter in diameter were noted from the Johnny Bull  Mine a s 
well  as a number of other locali t ies in the southwestern portion of the 
area.  I t  was also reported as being common in the upper portion of many 
o :  the veins.  
For the sake of simplici ty,  the term "polybasite" will  be 
u;ed in discussing the occurrence of members of the series.  This is  par-
tcularly true in referring to the t iny blebs which occur in the galena.  
Tie b lebs are too small  to allow a determination of their  Sb-versus-As 
ontent with the equipment available.  However,  their  anisotropism serves 
b separate them from the only other commonly e ncountered sulfosalt  in 
be galena,  tetrahedrite,  which is  isotropic.  I t  is  conceivable that  
s>me of these small  anisotropic masses in the galena are not polybasite ,  
bt  20 such masses that  were suff iciently large to provide enough mater-
ii l  for an x-ray powder photograph did prove to be so.  
A chemical analysis by Genth (1886) (Table 6) indicates the 
plybasite end member of the series,  but a number of samples of poly-
hsite analyzed in this study (Table 5) by s pectrography indicate a Sb:As 
ntio of about 5:2.  In contradiction to this,  the trace-element content 
c  the galena,  which includes the effect  of inclusions of polybasite (and 
t t rahedrite in some a reas),  shows marked Sb almost to the exclusion of 
A. (The Sb-A s content of the galena will  be discussed more fully in 
be geochemistry sect ion of this study.)  Thus i t  appears that  only the 
l irger masses of polybasite (with the exception of Genth's  specimen) 
ontain the appreciable As indicated by the spectrographs analyses in 
l ib 1 e  5.  
As original ly defined, polybasite was the Sb end member of the 
i  -1 
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Table 6.  Composit ion of polybasite from the Terrible Mine (after Genth,  
1886) in weight percent compared to ideal  polybasite of compo­
si t ion AgigSbgS^. 
Polybasite,  As^-SbpS-.  i  
Terrible Mine 




Sb 10.18 10.49 
S 16.70 (by difference) 15.19 
100.00% 100.00% 
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s e r i e s ,  a n d  p e a r c e i t e  w a s  t h e  A s  e n d  m e m b e r .  L a t e r  s t r u c t u r a l  w o r k  b y  
P e a c o c k  a n d  B e r r y  ( 1 9 4 7 )  i n d i c a t e d  t h a t  t h e r e  w a s  a  d o u b l i n g  o f  t h e  u n i t  
c e l l  d i m e n s i o n s  w i t h  t h e  S b - A s  s u b s t i t u t i o n .  P e a r c e i t e  h a s  a  " s m a l l "  
c e l l  w i t h  d i m e n s i o n s  a _  1 3 ,  b .  7 . 5 ,  a n d  c _  1 2 ,  w h i l e  p o l y b a s i t e  n a d  a  
d o u b l e d  " l a r g e "  c e l l  w i t h  d i m e n s i o n s  £  2 5 ,  b _  1 5 ,  a n d  c  2 4 .  F u r t h e r  w o r k  
b y  F r o n d e l  ( 1 9 6 3 )  i n d i c a t e d  t h a t  e i t h e r  t h e  A s  o r  S b  e n d  m e m b e r  c o u l d  
h a v e  t h e  l a r g e  o r  s m a l l  c e l l  a n d  p r o p o s e d  a  f u r t h e r  c h a n g e  i n  t h e  n o m e n ­
c l a t u r e ,  u s i n g  t h e  l a r g e  v e r s u s  s m a l l  c e l l  a s  t h e  d e f i n i t i v e  c h a r a c t e r ­
i s t i c .  T h e  S b - r i c h  m e m b e r s  w i t h  t h e  l a r g e  c e l l  r e t a i n e d  t h e  d e s i g n a t i o n  
o f  p o l y b a s i t e ,  b u t  a n  A s - r i c h  m e m b e r  w i t h  t h e  l a r g e  c e l l  w a s  t o  b e  '  a r s e n -
p o l y b a s i t e . "  S i m i l a r l y  p e a r c e i t e  r e t a i n e d  i t s  d e s i g n a t i o n  f o r  a n  A s -
r i c h  m e m b e r  w i t h  a  s m a l l  c e l l ,  b u t  t h e  S b - r i c h  m e m b e r  w i t h  t h e  s m a l l  
c e l l  w a s  d e s i g n a t e d  " a n t i m o n p e a r c e i t e . "  H a r r i s ,  N u f f i e l d ,  a n d  F r o h b e r g  
( 1 9 6 5 )  a r g u e d  t h a t  t h e  l a r g e - v e r s u s - s m a l l - c e l l  t e r m i n o l o g y  w a s  l e s s  t h a n  
a  f u n d a m e n t a l  d i f f e r e n c e  a n d  t h a t  t h e  t r a d i t i o n a l  p o l y b a s i t e - p e a r c e i t e  
d e s i g n a t i o n  s h o u l d  b e  r e t a i n e d ,  w i t h  t h e  a d d i t i o n  o f  s y m b o l o g y  f o r  d o u b ­
l i n g  o f  e a c h  o f  t h e  c e l l  d i m e n s i o n s .  A  ( 1 1 1 )  p o l y b a s i t e  w o u l d  i n d i c a t e  
a  S b - r i c h  m e m b e r  o f  t h e  s e r i e s  w i t h  t h e  s m a l l  c e l l ,  a n d  a  ( 2 2 2 )  p o l y ­
b a s i t e  w o u l d  r e p r e s e n t  t h e  S b - r i c h  m e m b e r  w i t h  e a c h  o f  t h e  c e l l  d i m e n ­
s i o n s  d o u b l e d  ( t h e  l a r g e  c e l l ) .  I n  a d d i t i o n ,  t h e y  f o u n d  o n e  i n s t a n c e  i n  
w h i c h  t h e  a _  a n d  b  d i m e n s i o n s  w e r e  d o u b l e d ,  b u t  t h e  £  d i m e n s i o n  w a s  n o t  
-  a  ( 2 2 1 )  i n  t h e i r  n o m e n c l a t u r e .  M o r e  i m p o r t a n t l y ,  t h e y  v e r i f i e d  t h a t  
m a t e r i a l  o f  t h e  s a m e  c o m p o s i t i o n  c o u l d  b e  f o u n d  o n  t h e  s a m e  s p e c i m e n  
t h a t  h a d  e i t h e r  t h e  s m a l l  o r  l a r g e  c e l l .  A  c o r r e l a t i o n  o f  t h e  e x a c t  
c h e m i c a l  c o m p o s i t i o n  o f  t h e  p o l y b a s i t e  a t  S i l v e r  P l u m e  v e i s u s  t h e  c e l l  
d i m e n s i o n s  r e q u i r e s  m o r e  m a t e r i a l  t h a n  i s  a v a i l a b l e .  H o w e v e r ,  x - r a y  
I - I C,VJ£-
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p o w d e r  p a t t e r n s  o f  3 0  p o l y b a s i t e s  i n d i c a t e  t h a t  m a t e r i a l  w i t h  b o t h  t h e  
s m a l l  a n d  l a r g e  c e l l s  a r e  p r e s e n t  i n  a b o u t  e q u a l  q u a n t i t i e s .  T h e  J o h n n y  
B u l l  M i n e ,  i n  p a r t i c u l a r ,  p r o v i d e s  s p e c i m e n s  w i t h  e i t h e r  t h e  l a r g e  o r  
s m a l l  c e l l  i n  s a m p l e s  t a k e n  w i t h i n  a  f e w  f e e t  o f  e a c h  o t h e r .  
P y r a r g y r i t e - p r o u s t i t e  
I n t e r m e d i a t e  m e m b e r s  o f  t h e  p y r a r g y r i t e - p r o u s t i t e  s e r i e s  w e r e  
s e e n  i n  m o d e r a t e  a b u n d a n c e  w i t h  p o l y b a s i t e  i n  t h e  s o u t h w e s t e r n  p o r t i o n  
o f  t h e  a r e a  a n d  p a r t i c u l a r l y  i n  t h e  J o h n n y  B u l l  M i n e .  S p e c i m e n s  w e r e  
a l s o  o b t a i n e d  f r o m  v a r i o u s  c o l l e c t i o n s  f r o m  t h e  B a l t i m o r e  t u n n e l ,  t h e  
S m u g g l e r  M i n e ,  t h e  T e r r i b l e  M i n e ,  a n d  t h e  M a i n e  M i n e .  I t  w a s  n o t  s e e n  
i n  a n y  o f  t h e  w o r k i n g s  e a s t  o f  t h e  S m u g g l e r  M i n e  t h a t  w e r e  m a p p e d ,  b u t  
i t  i s  k n o w n  t o  o c c u r  l o c a l l y  i n  t h e  u p p e r  w o r k i n g s  o f  t h e  v e i n s  i n  t h e  
e a s t e r n  p o r t i o n  o f  t h e  a r e a .  P y r a r g y r i t e  w a s  n o t  s e e n  i n  t h e  g a l e n a  i n  
a  f o r m  w h i c h  w o u l d  s u g g e s t  e x s o l u t i o n ,  a s  d i d  t h e  t i n y  b l e b s  a n d  r o d s  o f  
p o l y b a s i t e  a n d  t e t r a h e d r i t e  i n  t h e  c e n t r a l  a n d  e a s t e r n  p o r t i o n  o f  t h e  
a r e a .  I t s  b l u e  c o l o r  i n  p l a i n  l i g h t  w ou l d  p r o b a b l y  l e a d  t o  i t s  i m m e d i a t e  
i d e n t i f i c a t i o n  i f  p r e s e n t .  H o w e v e r ,  i n  t h e  s p e c i m e n s  w h e r e  t h e  p y r a r g y ­
r i t e  w a s  s e e n ,  t h e  p o l y b a s i t e  a n d  t h e  p y r a r g y r i t e  o c c u r r e d  a s  a n h e d r a l  
m a s s e s  u p  t o  a  c e n t i m e t e r  o r  m o r e  i n  s i z e .  
T h e  a n a l y s e s  i n  T a b l e  5  i n d i c a t e  t h a t  m o s t  o f  t h e  e x a m p l e s  a t  
S i l v e r  P l u m e  l i e  a t  t h e  p y r a r g y r i t e  e n d  o f  t h e  s e r i e s ,  a n d  t h e  t e r m  
" p y r a r g y r i t e "  w i l l  b e  u s e d  i n  t h e  t e x t  t o  r e f e r  t o  m e m b e r s  o f  t h e  s e r i e s  
i n  g e n e r a l .  T h e  t a b u l a t i o n  o f  c o m p o s i t i o n  i n  D a n a ' s  S y s t e m  o f  M i n e r a l o g y  
( P a l a c h e ,  B e r m a n ,  a n d  F r o n d e ! ,  1 9 4 4 ,  p .  3 6 2 - 3 6 9 )  a n d  a n o t h e r  b y  T o u l m i n  
( 1 9 6 3 )  i n d i c a t e  t h a t  t h e  o n l y  m a j o r  e l e m e n t s  i n  p y r a r g y r i t e  a r e  A g ,  S b ,  
r - 1 2 0 2  
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D r  A s ,  a n d  S .  T h e  h i g h  v a l u e s  f o r  P b  ( u p  t o  2 % ) ,  C u  ( u p  t o  2 % ) ,  a n d  Z n  
( u p  t o  5 % ) ,  n o t e d  i n  t h i s  s t u d y  ( T a b l e  5 ) ,  w e r e  p r o b a b l y  d u e  t o  i m p u r i ­
t i e s  o f  g a l e n a ,  s p h a l e r i t e ,  a n d  p o l y b a s i t e .  M o s t  o f  t h e  p y r a r g y r i t e  
s e p a r a t e d  f o r  a n a l y s i s  w a s  f i n e l y  i n t e r g r o w n  w i t h  t h e s e  m i n e r a l s ,  a n d  n o  
s r y s t a l s  l a r g e  e n o u g h  f o r  a n a l y s i s  c o u l d  b e  o b t a i n e d .  
I n  p o l i s h e d  s e c t i o n ,  t h e  p y r a r g y r i t e  s h e w s  a  v a r i a t i o n  i n  t h e  
s o l  o r  o f  i t s  i n t e r n a l  r e f l e c t i o n  f r o m  a  v e r y  l i g h t  r e d  ( a l m o s t  a n  o r a n g e ,  
s u t  n o t  t h e  o r a n g e  o f  p y r o s t i 1 p n i t e  o r  x a n t h o c c n i t e )  t o  r u b y .  G r a i n s  
v i t h  v a r i a t i o n  i n  c o l o r  w e r e  f r e q u e n t l y  s e e n  i n  c o n t a c t .  T h i s  c o l o r  
i i f f e r e n c e  m a y  b e  r e l a t e d  t o  c o m p o s i t i o n a l  v a r i a t i o n s .  P y r a r g y r i t e  i s  
F r e q u e n t l y  r e f e r r e d  t o  a s  " d a r k  r u b y  s i l v e r "  a n d  p r o u s t i t e ,  t e r m e d  " l i g h t  
r u b y  s i l v e r . "  T o u l m i n  ( 1 9 6 3 )  s u g g e s t s  t h a t  d i f f e r e n t  m e m b e r s  o f  t h e  
s e r i e s  c o u l d  p o s s i b l y  c o e x i s t  b e l o w  3 0 0 °  C  b u t  c o u l d  n o t  p r o d u c e  a  s p e c i -
n e n  w i t h  m o r e  t h a n  a  s i n g l e  r u b y  s i l v e r  f r o m  t h e  U .  S .  N a t i o n a l  M u s e u m  
s o l  l e c t i o n .  
p y r o s t i 1 p n i t e - x a n t h o c o n i  t e  
P y r o s t i l p n i t e ,  t h e  S b - r i c h  m e m b e r ,  a n d  x a n t h o c o n i t e ,  t h e  A s -
r i c h  m e m b e r ,  a r e  t h e  m o n o c l i n i c  d i m o r p h s  o f  t h e  h e x a g o n a l  p y r a r g y r i t e -
p r o u s t i t e  s e r i e s .  A  s i n g l e  s p e c i m e n  f r o m  t h e  M a i n e  M i n e  i n  t h e  C . S . M .  
c o l l e c t i o n  ( 1 4 5 - 2 )  c o n t a i n e d  a  s m a l l  a n h e d r a l  g r a i n  a b o u t  1  m m  a c r o s s  
t h a t  p r o v e d  t o  b e  e i t h e r  p y r o s t i 1 p n i t e  o r  x a n t h o c o n i t e  a s s o c i a t e d  w i t h  
m o r e  a b u n d a n t  p y r a r g y r i t e  a n d  a c a n t h i t e  i n  s m a l l  v u g s  i n  a  b a r i t e  g a n g u e .  
T h e r e  w a s  i n s u f f i c i e n t  m a t e r i a l  f o r  a  s p e c t r o g r a p h i c  a n a l y s i s ,  b u t  a n  
x - r a y  p o w d e r  p h o t o g r a p h  l e f t  n o  d o u b t  a s  t o  t h e  i d e n t i f i c a t i o n  a s  a  m e m ­
b e r  o f  t h e  s e r i e s .  
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Chang (1963) indicates a temperature of deposition of below 
197° C f or pyrostilpnite.  Although he wa s unable to synthesize pyros-
t i lpnite,  natural specimens invariably inverted to pyrargyrite when 
heated above that temperature. 
Stephanite 
Endlich (1878) indicates stephanite from t he Terrible Mine. 
None wa s seen in the course of this study despite examination of many 
"ruby silver" and polybasite specimens with an x-ray powder photograph 
of any qu estionable material of sufficient size. However,  the presence 
of other minerals in the Ag-Sb-S system indicate that stephanite may 
occur in the area. I t  might also be noted that most of the "stephanite" 
seen in the C.S.M. collection from Front Range localit ies proved to be 
mislabeled and usually proved to be polybasite.  Similarly, the mineral 
miargyrite (AgSbS^) may be present locally within the area but has 
neither been identified in this study or previously. I t  has been reported 
in the Montezuma area to the southwest by Lovering (1935, p.  56),  associ­
ated with pyrargyrite,  and has been verified from the C.S.M. collection 
material.  
Tetrahedrite-tennantite 
Members of the tetrahedrite-tennanti  te series are common in 
the Silver Plume area but generally in quantities too small to be iden­
tified as such with certainty in hand specimen. The distinction between 
i t  and polybasite in fine-grained material is  difficult  if  not impossible.  
Most of the tetrahedrite occurs as t iny blebs or rods in the galena, 
particularly in the western portion of the area. The texture suggests 
T-1202 
106 
exsolution from a higher temperature PbS phase. A n umber of specimens 
were recovered from the C.S.M. collection that contained tetrahedrite 
as a major constituent.  Tetrahedrite also occurs in irregular,  rela­
tively large but microscopic, masses crosscutt ing the earlier sphalerite 
and pyrite in conjunction with chalcopyrite.  I t  frequently forms almost 
submicroscopic pseudo-eutectic intergrowths with the chalcopyrite.  The 
other sulfosalts rarely occurred in this manner.  Larger masses of 
tetrahedrite may sho w exsolved chalcopyrite and in one instance shows 
exsolved (?) bornite.  
Table 5 presents analyses of some impure tetrahedrite samples.  
The approximately equal Sb and As content presents a problem in nomen­
clature,  and the term " tetrahedrite" will  be used arbitrarily in refer­
ring to members of the series in general.  Almost every other element 
noted in Table 5 may be an essential constituent of tetrahedrite (Palache, 
Berman, and Fronde!,  1944, p.  374-384). The high Ag c ontent of three of 
the samples suggests the designation "freibergite," as the Ag-rich variety 
is sometimes called. Spurr,  Garrey, and Ball  (1908, p.  253) indicate 
that tetrahedrite from the Colorado Central Mine approximately 1 mile 
to the east of the area is the variety "schwartzite" with a high Hg con­
tent (no analysis could be found), ihis could not be verified on the 
Silver Plume m aterial as the Hg l ines on the spectrograph!'c fi lm were 
partially obscured. I t  appeared that there may be a substantial Hg 
content From th e film, however.  
In polished section, the tetrahedrite oF t he area has a very 
deep, ruby red internal reflection and is dark olive to gray in plain 
l ight.  I t  contrasts with the tennantite (analyses in Sims, Drake, and 
I I Z U Z  
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Toker, 1963 ind icate As predominates over Sb ) of the Central City-Idaho 
Srings-Lawson are a to the northeast, which has a d ist inct bluish or 
geenish color. 
F uori te 
No f luori te associated w ith the veins wa s seen in this study, 
bit  i t  has been not ed by S purr, Garrey, and Ba l l  (1908, p. 153-154) in 
t ie uppe r port ions of the Seven-thirty vein. They ind icated i t  was a 
p-oduct of the Laramide min eral izat ion, and i t  is known t o occur with the 
mneral izat ion in adjacent areas. Fluori te associated w ith the sphaleri te-
gi lena veins is present i n abundance in some o f the veins of the Argentine 
Pcss area about 2 miles to the southwest, and i t  occurs local ly in the 
Giorgetown area. 
Glcite and dolomite 
Calcite is a common se condary mineral in a nu mber of enrivon-
mnts associated w ith the m ineral izat ion. I t  also occurs in minor amounts 
bward the end o f the mineral izat ion sequence with the suifosalts or 
sightly later during the supergene d eposit ion, but i t  is rarely present 
i i  quanti ty. In addit ion, i t  is being deposited widel y in the workings at 
pesent. Much o f the standing water in the old dri f ts is not being agi­
sted and is covered by a thin sheet o f calci te a fract ion of a mi l l imeter 
t i ick. I t  is also being deposited on the mine walls and i n places com -
pietely obscures the rock. At the end of the B urleigh tunnel, i t  forms a 
oating almost 6 inches thick on a p ort ion of the tunnel wal l .  
Dolomite w as seen infr equently in the veins associated wit h 
t ie c alci te. The m ost notable examples seen occur red as 1 - to 5-mm cryst als 
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g r o w i n g  i n  v u g s  o n  s p h a l e r i t e  a n d  g a l e n a  a b o u t  1 5 0  f e e t  d o w n  t h e  H o w a r d  
w i n z e  i n  t h e  M e n d o t a  t u n n e l .  
S i d e r i t e  
S i d e r i t e  i s  t h e  m o s t  c o m m o n  m i n e r a l  i n  t h e  a l t e r a t i o n  z o n e  
a d j a c e n t  t o  t h e  v e i n s ,  a l t h o u g h  i t  i s  g e n e r a l l y  t o o  f i n e - g r a i n e d  a n d  
i n t e r g r o w n  w i t h  o t h e r  m i n e r a l s  t o  b e  i d e n t i f i e d  a s  s u c h  i n  h a n d  s p e c i m e n .  
H o w e v e r ,  m a s s i v e  d a r k - b r o w n  s i d e r i t e  w a s  f o u n d  o n  a  n u m b e r  o f  d u m p s  
t h r o u g h o u t  t h e  a r e a  b u t  w a s  n o t  f o u n d  i n  p l a c e  a n y w h e r e .  G e n e r a l l y ,  i t  
a p p e a r s  o n  d u m p s  a t  t h e  f r i n g e s  o f  t h e  m i n e r a l i z e d  a r e a  i n  t h e  c e n t r a l  
p o r t i o n  o f  t h e  m a p p e d  a r e a  a n d  i s  m o s t  p r o m i n e n t  i n  t h e  s m a l l  d u m p s  t h a t  
a r e  p r o b a b l y  d e r i v e d  f r o m  n e a r - s u r f a c e  w o r k i n g s .  S o m e  e x a m p l e s  m a y  c o n ­
t a i n  m i n o r  o y r i t e  a n d  o t h e r  s u l f i d e s  b u t  m o r e  g e n e r a l l y  i s  f r e e  o f  m a j o r  
s u l f i d e s  o r  o t h e r  g a n g u e  m i n e r a l s .  W i t h  a  c u r s o r y  e x a m i n a t i o n ,  i t  c a n  
e a s i l y  b e  m i s t a k e n  f o r  s p h a l e r i t e ,  b u t  i t s  c r y s t a l l o g r a p h y  a n d  a p p e a r a n c e ,  
o n c e  n o t e d ,  a r e  d i s t i n c t i v e .  I n  p o l i s h e d  s e c t i o n ,  i t s  s t r o n g  a n i s o t r o p i s m  
a n d  c l e a v a g e  s e t  i t  a p a r t  f r o m  s p h a l e r i t e .  
B a r i t e  
B a r i t e  w a s  i n f r e q u e n t l y  b u t  w i d e l y  f o u n d  i n  s p e c i m e n s  f r o m  
t h e  S i l v e r  P l u m e  a r e a  d u r i n g  t h i s  s t u d y .  I t  w a s  n o t e d  a s  a  f e w  c l e a r  
t a b u l a r  c r y s t a l s  1  c m  i n  s i z e  o n  s p e c i m e n s  f o u n d  o n  t h e  d u m p  o f  t h e  S e v e n -
t h i r t y  M i n e ,  i n  a  s p e c i m e n  f r o m  t h e  M a i n e  M i n e ,  a n d  i n  m i n o r  q u a n t i t y  i n  
t h e  J o h n n y  B u l l  M i n e .  T h e  c r y s t a l l i n e  m a s s e s  f r o m  t h e  J o h n n y  B u l l  M i n e  
o c c a s i o n a l l y  r e a c h  1 0  c m  i n  m a x i m u m  d i m e n s i o n  a n d  a r e  i n t e r g r o w n  w i t h ,  o r  
g r o w  o n ,  p o l y b a s i t e .  I n  a l l  t h e  c a s e s  s e e n ,  i t  w a s  a s s o c i a t e d  w i t h  t h e  
l o w - t e m p e r a t u r e  s u l f o s a l t s  r a t h e r  t h a n  w i t h  t h e  p y r i t e - s p h a l e r i t e - g a l e n a  
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m i n e r a l i z a t i o n .  
G u n n i n g i t e ,  g o s l a r i t e ,  a n d  b l a n c h i t e  
A l l  o f  t h e  k n o w n  h y d r a t e d  z i n c  s u l f a t e s  w e r e  i d e n t i f i e d  i n  
t h i s  s t u d y .  B i a n c h i t e ,  t h e  6  h y d r a t e ,  a n d  g o s l a r i t e ,  t h e  7  h y d r a t e ,  h a v e  
l o n g  b e e n  k n o w n  f r o m  o t h e r  a r e a s  a n d  o c c u r  w i d e l y  i n  t h e  u n d e r g r o u n d  
w o r k i n g s  a t  Si l v e r  P l u m e .  T h e  m o s t  p r o m i n e n t  l o c a l i t y  s e e n  o c c u r s  i n  t h e  
M e n d o t a  t u n n e l  a l o n g  t h e  C a s h i e r  v e i n  w h e r e  t h e s e  m i n e r a l s  o c c u r  a s  f e l t e d  
m a s s e s  o f  f i b r o u s  c r y s t a l s  u p  t o  a b o u t  1 0  c m  t h i c k  a l o n g  t h e  v e i n  o n  t h e  
d r i f t  w a l l s .  
A p p a r e n t l y  t h e r e  i s  a  v e r y  s m a l l  e n e r g y  c h a n g e  i n v o l v e d  i n  
t h e  t r a n s i t i o n  f r o m  g o s l a r i t e  ( 7 H p O )  t o  b i a n c h i t e  ( b H ^ O ) .  S p e c i m e n s  o f  
g o s l a r i t e  ( f f ^ O )  t h a t  w e r e  e x p o s e d  t o  t h e  a t m o s p h e r e  i n  G o l d e n  o n  a  h o t  
s u m m e r  d a y  q u i c k l y  i n v e r t e d  t o  b i a n c h i t e  ( 6 H 2 O ) .  T h i s  b r i n g s  u p  t h e  
p o s s i b i l i t y  t h a t  g o s l a r i t e  m a y  b e  t h e  o n l y  n a t u r a l l y  o c c u r r i n g  s p e c i e s  i n  
t h e  m i n e s  a n d  t h a t  t h e  b i a n c h i t e  d e t e r m i n e d  i n  t h e  x - r a y  p o w d e r  p h o t o ­
g r a p h s  a l w a y s  r e p r e s e n t s  a n  i n v e r s i o n .  H o w e v e r ,  a  n u m b e r  o f  s a m p l e s  o f  
g o s l a r i t e  r e t a i n e d  t h e i r  w a t e r  o v e r  a  p e r i o d  o f  d a y s  a f t e r  c o l l e c t i o n ,  
a n d  b o t h  g o s l a r i t e  a n d  b i a n c h i t e  r e t a i n e d  t h e i r  h y d r a t e d  s t a t e s  i n  t h e  
l a b o r a t o r y  a s  l o n g  a s  t h e  w e a t h e r  w a s  s o m e w h a t  h u m i d .  
B o t h  m i n e r a l s  a l s o  o c c u r  w i d e l y  i n  v e r y  m i n o r  q u a n t i t i e s  i n  
m o s t  o f  t h e  o t h e r  m i n e s .  H o w e v e r ,  m o s t  o f  t h e  o t h e r  w o r k i n g s  w e r e  t o o  
w e t  t o  a l l o w  d e p o s i t i o n  o f  e x t e n s i v e  d e p o s i t s  o f  t h e s e  s o l u b l e  m i n e r a l s .  
I n  a l l  c a s e s ,  b o t h  b i a n c h i t e  a n d  g o s l a r i t e  o c c u r  w i t h i n  a  f e w  f e e t  o f  
e a c h  o t h e r .  T h e i r  p h y s i c a l  p r o p e r t i e s  a r e  s o  s i m i l a r ,  h o w e v e r ,  t h a t  t h e  
i d e n t i f i c a t i o n  m u s t  b e  m a d e  b y  x - r a y  p o w d e r  p h o t o g r a p h s  o r  s i m i l a r  
n o  
a n a l y t i c a l  t e c h n i q u e s .  
G u n n i n g i t e  ( I F ^ O )  w a s  n o t  f o u n d  n a t u r a l l y  a t  S i l v e r  P l u m e ,  
b u t  i t  w a s  a b u n d a n t l y  s e e n  i n  w o r k i n g  w i t h  v e i n  s p e c i m e n s  f r o m  S i l v e r  
P l u m e .  M a n y  o f  t h e  s u l f i d e  s a m p l e s  s t o r e d  i n  t h e  l a b o r a t o r y  d e v e l o p e d  a  
w h i t e  p o w d e r y  c o a t i n g ,  s o m e t i m e s  w i t h i n  d a y s ,  u p  t o  1  m m  t h i c k .  I n  a l l  
c a s e s ,  t h i s  p r o v e d  t o  b e  t h e  m i n e r a l  g u n n i n g i t e ,  p r e v i o u s l y  d e s c r i b e d  
o n l y  f r o m  t h e  Y u k o n  T e r r i t o r y ,  C a n a d a ,  w h e r e  i t  w a s  f i r s t  i d e n t i f i e d  
( J a m b o r  a n d  B o y l e ,  1 9 6 2 ) .  T h e r e  s e e m e d  t o  b e  n o  p a r t i c u l a r  r e a s o n  f o r  
t h e  d e v e l o p m e n t  o f  t h i s  c o a t i n g .  S o m e  s p h a l e r i t e - p o o r  s p e c i m e n s  d e v e l o p e d  
a  t h i c k  c o a t i n g  o v e r  t h e  e n t i r e  s p e c i m e n  w h i l e  s i m i l a r  s a m p l e s  o f  a l m o s t  
p u r e  s p h a l e r i t e  t a k e n  n e a r b y  d i d  n o t  d e v e l o p  i t .  S o m e  p r o d u c e d  i t  a f t e r  
b e i n g  w a s h e d  a n d  o t h e r s  r e m a i n e d  u n c h a n g e d  a f t e r  w a s h i n g.  I t  i s  n o t a b l e  
t h a t  t h e  h i g h e r  h y d r a t e d  f o r m s ,  b i a n c h i t e  a n d  g o s l a r i t e ,  d i d  n o t  i n v e r t  
t o  g u n n i n g i t e  u n d e r  e x a c t l y  t h e  s a m e  t e m p e r a t u r e  a n d  h u m i d i t y  c o n d i t i o n s  
u n d e r  w h i c h  g u n n i n g i t e  w a s  f o r m i n g .  T h e  m e t a s t a b i l i t y  o f  t h e s e  s p e c i e s  
i s  c e r t a i n l y  i n d i c a t e d  b y  t h e  f a c t  t h a t  s p e c i m e n s  o f  b i a n c h i t e ,  g o s l a r i t e ,  
a n d  g u n n i n g i t e  w e r e  k e p t  i n  t h e  s a m e  d r a w e r  e x p o s e d  t o  t h e  a t m o s p h e r e  a n d  
r e t a i n e d  t h e i r  i d e n t i t y  o v e r  a  p e r i o d  o f  w e e k s .  
W h i l e  n o  p a r t i c u l a r  a t t e m p t  w a s  m a d e  t o  f i n d  n a t u r a l  g u n n i n g ­
i t e ,  i t  p r o b a b l y  o c c u r s  o n  s o m e  o f  t h e  z i n c - r i c h  s p e c i m e n s  e x p q s e d  t o  t h e  
s u n l i g h t  o n  t h e  d u m p s .  I t  m i g h t  a l s o  b e  n o t e d  t h a t  s o m e  c a r e  s h o u l d  b e  
p a i d  t o  a t t r i b u t i n g  n a t u r a l l y  o c c u r r i n g  g u n n i n g i t e  t o  s p e c i m e n s  t h a t  
h a v e  b e e n  s t o r e d  i n  c o l l e c t i o n s  w h e n  t h e  m i n e r a l  w a s  n o t  s p e c i f i c a l l y  
n o t e d  a t  t h e  t i m e  o f  c o l l e c t i o n .  
I  - i z u z  
1 1 1  
M i  n o r  s e c o n d a r y  c a r b o n a t e s  a n d  s u l f a t e s  
A  n u m b e r  o f  a d d i t i o n a l  c a r b o n a t e s  a n d  s u l f a t e s  o c c u r  i n  m i n o r  
q u a n t i t y  i n  t h e  u n d e r g r o u n d  w o r k i n g s  a n d  e s p e c i a l l y  i n  t h e  M e n d o t a  t u n n e l .  
T h e s e  g e n e r a l l y  o c c u r  i n  m a s s e s  l e s s  t h a n  a  c e n t i m e t e r  i n  s i z e  a n d  h a v e  
b e e n  d e p o s i t e d  o n  t h e  w a l l s  s i n c e  t h e  b e g i n n i n g  o f  m i n i n g .  A z u r i t e  a n d  
m a l a c h i t e  a r e  p r e s e n t  a s  i n f r e q u e n t  g r e e n  a n d  b l u e  s t a i n s  o n  t h e  d r i f t s .  
T h e  m i n e r a l s  h y d r o m a g n e s i t e ,  h y d r o z i n c i t e ,  s m i t h s o n i t e ,  a n g l e s i t e ,  e p s o m -
i t e ,  a n d  g y p s u m  a l l  o c c u r  a s  s i m i l a r  a p p e a r i n g ,  s m a l l  c r y s t a l  c l u s t e r s ,  
h a i r s ,  o r  c o a t i n g s  o n  w i d e l y  s c a t t e r e d  l o c a l i t i e s  t h r o u g h o u t  t h e  a r e a .  
V a r i o u s  c o m b i n a t i o n s  o f  t h e s e  m i n e r a l s ,  w i t h  c a l c i t e  o r  t h e  h y d r a t e d  z i n c  
s u l f a t e s  c a n  b e  f o u n d  w i t h  c a r e f u l  e x a m i n a t i o n ,  b u t  a r e  n o t  p r o m i n e n t .  
K a o l i n i t e  
K a o l i n i t e  i s  a  p r o m i n e n t  a l t e r a t i o n  p r o d u c t  i n  t h e  w a l l  r o c k  
a d j a c e n t  t o  t h e  v e i n s  b u t  i s  n o t  s e q u e n t i a l l y  a s s o c i a t e d  w i t h  t h e  h y p o g e n e  
( o r  m o s t  o f  t h e  s u p e r g e n e ? )  s u l f i d e s  i n  t h e  v e i n s .  I t  i s  p r e s e n t l y  b e i n g  
w i d e l y  d e p o s i t e d  o n  t h e  m i n e  w o r k i n g s  i n  s m a l l  a m o u n t s .  I t  m a y  b e  p r e s e n t  
i n  f a i r l y  l a r g e  m a s s e s .  F o r  i n s t a n c e ,  a l m o s t  a t  t h e  e n d  o f  t h e  n o r t h  
s p l i t  o f  t h e  s e c o n d  d r i f t  f r o m  t h e  p o r t a l  o f  t h e  D i a m o n d  t u n n e l ,  w h i t e  
k a o l i n i t e  f o r m s  a n  i r r e g u l a r  l e n s  1 5  c m  t h i c k  w i t h  g a l e n a  o n  o n e  w a l l  o f  
t h e  d r i f t .  A n  a n a l y s i s  o f  a  s a m p l e  o f  t h i s  p a r t i c u l a r  o c c u r r e n c e  i s  g i v e n  
a s  N o .  2 5  i n  T a b l e  5 .  I t  m a y  b e  o f  s u p e r g e n e  o r i g i n ,  b u t  t h e  r e l a t i o n s  
a r e  a m b i g u o u s .  
Q u a r t z  
T h e  m o s t  p r o m i n e n t  o c c u r r e n c e  o f  q u a r t z  i n  t h e  v e i n s  c o n s i s t s  
o f  a  l a y e r  o f  c o m b  q u a r t z  a b o u t  1  t o  2  c m  t h i c k  a d j a c e n t  t o  t h e  w a l l  r o c k .  
- { C~\J t. 
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" h i s  q u a r t z  l a y e r  i s  c o m m o nl y ,  b u t  n o t  i n v a r i a b l y ,  f o u n d  t h r o u g h o u t  t h e  
i r e a .  I n  a d d i t i o n ,  m i n o r  d e p o s i t i o n  o f  q u a r t z  o c c u r s  t h r o u g h o u t  t h e  
s e q u e n c e  o f  h y p o g e n e  d e p o s i t i o n  a n d  p o s s i b l y  i n t o  t h e  s u p e r g e n e  d e p o s i ­
t i o n .  L o c a l l y  i t  f o r m s  t h i n  v e i n l e t s  t h a t  c r o s s c u t  a l l  o f  t h e  m a j o r  s u l ­
f i d e s  a n d  f o r m s  i n t e r g r o v v t h s  w i t h  t h e  s u l f o s a l t s  a n d  a c a n t h i t e .  H o w e ve r ,  
t h i s  l a t e r  q u a r t z  i s  q u a n t i t a t i v e l y  m i n o r  c o m p a r e d  t o  t h e  l a y e r  o f  c o m b  
q u a r t z  a d j a c e n t  t o  t h e  w a l l  r o c k s .  
P a ra g e n e s i s  o f  t h e  M i n e r a l i z a t i o n  
T h e  p a r a g e n e s i s  o f  t h e  m i n e r a l i z a t i o n  i s  c o n s i s t e n t  t h r o u g h ­
o u t  t h e  a r e a  a l t h o u g h  c e r t a i n  s t a g e s  m a y  b e  l o c a l l y  a b s e n t  ( F i g u r e  1 9 ) .  
T h e  f i r s t  s t a g e  o f  t h e  m i n e r a l i z a t i o n  i n v o l v e s  t h e  f o r m a t i o n  o f  c o m b  
q u a r t z  o n  t h e  w a l l s  o f  t h e  v e i n s  i n  a  l a y e r  u p  t o  a b o u t  2  c m  t h i c k .  T h i s  
c o m b - q u a r t z  l a y e r  i s  e a s i l y  r e c o g n i z a b l e  i n  m o s t  l o c a l i t i e s .  T h e  e a r l i ­
e s t  o f  t h e  s u l f i d e s  w a s  p y r i t e .  T h e  e a r l y  p y r i t e  w a s  t h e n  f r a c t u r e d  a n d  
f i l l e d  w i t h  t h i n  q u a r t z  v e i n l e t s  w h i c h  w e r e  t h e n  s u r r o u n d e d  b y  l a t e r ,  l e s s  
f r a c t u r e d  s u l f i d e s  o r  g a n g u e  m i n e r a l s .  A t  l e a s t  s o m e  a n d  p o s s i b l y  a l l  o f  
t h e  a r s e n o p y r i t e  m a y  a l s o  b e  e a r l y  i n  t h e  s e q u e n c e .  I t  o c c u r s ,  i n  t h e  
f e w  i n s t a n c e s  i n  w h i c h  i t  w a s  i d e n t i f i e d ,  w i t h  s i m i l a r  b r e c c i a t e d  a n d  
q u a r t z - f i l l e d  p y r i t e .  T h e r e  i s  n o  e v i d e n c e  o f  t h e  r e l a t i v e  a g e s  o f  t h e  
p y r i t e  a n d  t h e  a r s e n o p y r i t e .  T h e  n e x t  s u l f i d e  d e p o s i t e d  w a s  s p h a l e r i t e ,  
w h i c h  i s  q u a n t i t a t i v e l y  t h e  m o s t  p r o m i n e n t  s u l f i d e  i n  t h e  v e i n s .  I t  
r a n g e s  f r o m  l i g h t  t o  d a r k  b r o w n ,  w i t h  p r o m i n e n t  z on i n g  t h a t  c a n  b e  s e e n  
i n  c o l o r  c h a n g e s  a s  w e l l  a s  i n  t h e  o r i e n t a t i o n  o f  e x s o l v e d  c h a l c o p y r i t e .  
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p o l i s h e d  s u r f a c e s  c o m m o n l y  r e p r e s e n t s  f r a c t u r e d  s p h a l e r i t e  t h a t  h a s  b e e n  
h e a l e d  b y  a d d i t i o n a l  l a t e r  s p h a l e r i t e .  F r e q u e n t l y ,  f r a c t u r i n g  c a n  b e  
n o t e d  i n  p y r i t e  m a s s e s  b y  o f f s e t s  o r  g r a n u l a t e d  z o n e s  o f  f i n e  p y r i t e  
g r a i n s  ( F i g u r e  2 0 ) .  T h e  e x t e n s i o n  o f  t h e s e  m i c r o f a u l t s  i n t o  t h e  s p h a l ­
e r i t e  u s u a l l y  c a n n o t  b e  d i s t i n g u i s h e d  o n  a  p o l i s h e d  s u r f a c e  b u t  r e a p p e a r  
w h e n  t h e  e x t e n s i o n  o f  t h e  m i c r o f a u l t  c o n t i n u e s  o n  i n t o  f u r t h e r  p y r i t e  
( F i g u r e  2 1 ) .  
T h e  n o n - c o n t i n u i t y  o f  f r a c t u r e s  f r o m  t h e  p y r i t e  i n t o  t h e  
s p h a l e r i t e  i n d i c a t e s  t h a t  t h e  s p h a l e r i t e  i s  l e s s  b r i t t l e  a n d  t h e r e f o r e  
m o r e  l i k e l y  t o  h e a l  w h e n  f r a c t u r e d .  T h i s  r e l a t i o n s h i p  s u g g e s t s  t h a t  m u c h  
o f  t h e  p y r i t e  b r e c c i a t i o n  t o o k  p l a c e  a t  t h e  s a m e  t i m e  a s  t h e  b r e c c i a t i o n  
o f  t h e  s p h a l e r i t e .  H o w e v e r ,  t h e  c o m m o n  p r e s e n c e  o f  r a m i f y i n g  q u a r t z  
v e i n l e t s  i n  t h e  p y r i t e  t h a t  d o  n o t  p h y s i c a l l y  e x t e n d  i n t o  t h e  s p h a l e r i t e  
a r e  i n d i c a t i v e  o f  t h e  e a r l i e r  p y r i t e  d e p o s i t i o n  a n d  b r e c c i a t i o n  a l r e a d y  
n o t e d .  
L o c a l l y ,  f r a c t u r i n g  o f  t h e  s p h a l e r i t e  c a n  b e  s e e n  a s  q u a r t z -
f i l l e d  v e i n l e t s  e x t e n d i n g  t h r o u g h  t h e  s p h a l e r i t e .  S p h a l e r i t e  i n  t h e  c e n ­
t r a l  a n d  e a s t e r n  p o r t i o n  o f  t h e  a r e a  f r e q u e n t l y  c o n t a i n s  b l e b s  o f  e x s o l v e d  
c h a l c o p y r i t e .  T h e  o c c u r r e n c e  a n d  a m o u n t  o f  t h i s  e x s o l v e d  c h a l c o p y r i t e  i s  
h i g h l y  v a r i a b l e .  O n e  p o l i s h e d  s u r f a c e  m a y  s h o w  a b u n d a n t  e x s o l v e d  c h a l c o ­
p y r i t e  u n d e r  t h e  m i c r o s c o p e ,  w h i l e  a n o t h e r  f r o m  a  f e w  f e e t  a w a y  s h o w s  
n o n e .  C h a l c o p y r i t e  i n  s p h a l e r i t e  f o r m s  f r o m  t h e  e x s o l u t i o n  o f  a  h i g h e r  
t e m p e r a t u r e  c o p p e r - r i c h  Z n S  p h a s e ,  a n d  t h e r e  i s  n o  t i m e  s e q u e n c e  t o  t h e i r  
o r d e r  o f  d e p o s i t i o n .  T h e  e x s o l u t i o n  t e m p e r a t u r e  o f  c h a l c o p y r i t e  i n  
s p h a l e r i t e  i s  g i v e n  a s  a b o u t  3 5 0 °  t o  4 0 0 °  C  b y  B u e r g e r  ( 1 9 3 4 ) .  L a c k  o f  
e x s o l v e d  c h a l c o p y r i t e  i n  t h e  s p h a l e r i t e  f r o m  t h e  J o h n n y  B u l l  M i n e  i n  t h e  
I - I C-U L. 
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F i g u r e  2 0 .  B r e c c i a t e d  z o n e  c u t t i n g  p y r i t e  ( p y )  a n d  s p h a l e r i t e  ( s p h )  f r o m  
t h e  M e n d o t a  v e i n  i n  t h e  M e n d o t a  t u n n e l .  T h e  b r e c c i a t e d  z o n e  
c o n s i s t s  o f  f i n e  p y r i t e  c e m e n t e d  b y  q u a r t z .  
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F g u r e  2 1 .  O f f s e t  o f  s u l f i d e s  b y  a  m i c r o - f a u l t .  T h e  m i c r o - f a u l t  ( m a r k e d  
b y  a r r o w s )  o f f s e t s  p y r i t e  ( p y )  a n d  t e r m i n a t e s  t h e  m a s s  o f  
g a l e n a  ( g n ) .  N o t e  t h a t  a t  t h e  l e f t  o f  t h e  p h o t o g r a p h ,  t h e  
m i c r o - f a u l t  c a n  h a r d l y  b e  s e e n  i n  t h e  s p h a l e r i t e  ( s p ' h ) .  A l s o  
n o t e  t h a t  t h e  p y r i t e  m a s s e s  a r e  h i g h l y  b r e c c i a t e d  i n  c o m p a r i ­
s o n  w i t h  t h e  s p h a l e r i t e  a n d  a r e  p r o b a b l y  e a r l i e r  t h a n  i t .  
F r o m  t h e  D i v e s  v e i n  i n  t h e  D i a m o n d  t u n n e l ,  b u t  e x a m p l e s  c a n  
b e  f o u n d  t h r o u g h o u t  t h e  v e i n s  o f  t h e  a r e a .  
- I C M C  
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southwestern po rt ion of the area m ay i ndicate that the sphaleri te was 
Jeposited bel ow the exsolut ion temperature. Or, i t  indicates that the 
sphaleri te was deposited abo ve the exsolut ion temperature bu t the me dium 
from w hich i t  was deposited w as copper d eficient. Sphaleri te is also 
frequently crosscut by th in veinlets and i rregular masses of chalcopyri te 
that appear l ater than the sphaleri te. This t ime seq uence m ay no t be 
true; Brett (1964) indicates that the process of exsolut ion may r esult  in 
textures that closely resemble sequential deposit ion such as crosscutt ing 
veinlets. At least some o f the chalcopyri te is probably the result  of 
grain intergrowths rather than alwa ys the result  of exsolut ion. Local ly, 
thin tetrahedrite veinlets and m asses crosscut the sphaleri te l ike the 
chalcopyri te. When both tetrahedrite and c halcopyri te occur together in 
this manner, they m ay sh ow almos t submicroscopic pseudo-eutect ic inter­
growths. Pyri te also occurs w ith the chalcopyri te as exsolved (?) blebs 
and t hin crosscutt ing veinlets. However, in spite of the common occur­
rence o f both sphaleri te and p yri te in mineral deposits, the exsolut ion 
of pyri te from sph aleri te is not noted co mmonly, and there is no lab ora­
tory just i f icat ion for this exsolut ion pair.  
Galena almost in variably fol lows the sphaler i te. General ly, 
the galena-sphaleri te contacts are sutured to wavy, and their t ime r ela­
t ionships are not clear. However, microscopic examination w i l l  almost 
always f ind at least a few r elat ionships that show galen a f i l l ing frac­
tures in the sphaleri te (Figure 22). Quartz-f i l led fractures in the 
sphaleri te that do not extend i nto the galena als o indicate the prior 
deposit ion of sphaleri te. Every p ol ished section that contained gale na 
also showed on e o r another o f the sulfosalts in the galena. In some 
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f i g u r e  2 2 .  G a l e n a  ( g n )  i n t r u d i n g  e a r l i e r  s p h a l e r i t e  ( s p h )  a l o n g  c r a c k s  
a s  i s  v e r y  c o m m o n l y  s e e n  t h r o u g h o u t  t h e  a r e a .  T h i s  p a r t i c u l a r  
s p e c i m e n  f r o m  t h e  d u m p  o f  t h e  S e v e n - t h i r t y  m i n e  a l s o  s h o w s  
a b u n d a n t  b l e b s  o f  e x s o l v e d  c h a l c o p y r i t e  i n  t h e  s p h a l e r i t e  
( a t  t h e  e n d  o f  t h e  a r r o w ) .  
T - ] 2 0 2  
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c a s e s ,  t h e  s u l f o s a l t s  a r e  p r e s e n t  i n  a l m o s t  s u b m i c r o s c o p i c  a n h e d r a l  t o  
r o u n d e d  g r a i n s ,  b u t  m o r e  g e n e r a l l y  t h e y  a r e  p r e s e n t  a s  b l e b s ,  r o d s ,  o r  
i r r e g u l a r  m a s s e s  u p  t o  0 . 1  m m  i n  s i z e  ( F i g u r e  2 3 ) .  I n f r e q u e n t l y ,  t h e  
s u l f o s a l t s  w e r e  p r e s e n t  a s  l o n g  r o d s  u p  t o  3  mm  l o n g  o r  a s  t i n y  w e d g e s  
a l o n g  t h e  c l e a v a g e  o f  t h e  g a l e n a .  B o t h  p o l y b a s i t e  a n d  t e t r a h e d r i t e  a r e  
c o m m o n  i n  t h e  g a l e n a ,  a n d  t h e  s p a t i a l  d i s t r i b u t i o n  o f  t h e s e  t w o  m i n e r a l s  
w i l l  b e  n o t e d  i n  t h e  s e c t i o n  o f  t h i s  t h e s i s  o n  t h e  m i n e r a l o g i c a l  z o n i n g  
w i t h i n  t h e  a r e a  ( P l a t e  8 ) .  T h e  p r e s e n c e  o f  t h e s e  b l e b s  a n d  r o d s  o f  s u l f o ­
s a l t s  i n  t h e  g a l e n a  i s  a t t r i b u t e d  t o  t h e  p r o c e s s  o f  e x s o l u t i o n .  T h e r e  
s e e m s  t o  b e  n o  l a b o r a t o r y  s t u d i e s  t h a t  b e a r  o n  t h e  A s ,  S b ,  a n d  A g  c o n t e n t  
o i  g a l e n a  a t  h i g h  t e m p e r a t u r e s .  H o w e v e r ,  s i m i l a r  e x s o l u t i o n  t e x t u r e s  o f  
t e t r a h e d r i t e  a n d  p o l y b a s i t e  i n  g a l e n a  h a v e  b e e n  n o t e d  b y  R a m d o h r  ( 1 9 6 0 ,  
p .  5 7 2 - 5 7 8 ) .  
I n  t h e  s o u t h w e s t e r n  p o r t i o n  o f ® t h e  a r e a ,  p a r t i c u l a r l y  i n  t h e  
J o h n n y  B u l l  m i n e ,  m u c h  o f  t h e  p o l y b a s i t e  a n d  p y r a r g y r i t e  i s  p r e s e n t  i n  
m a s s e s  u p  t o  a  c e n t i m e t e r  i n  s i z e  t h a t  a r e  n o t  c l e a r l y  t h e  r e s u l t  o f  
e x s o l u t i o n .  R a t h e r ,  t h e  p o l y b a s i t e  a n d  p y r a r g y r i t e  a p p e a r  t o  b e  l a t e r  
t h a n  t h e  g a l e n a .  T h e r e  s e e m s  t o  b e  n o  c o n s i s t e n t  t i m e  r e l a t i o n s h i p  
b e t w e e n  t h e  p o l y b a s i t e  a n d  t h e  p y r a r g y r i t e .  R a r e l y ,  t h e  p y r a r g y r i t e  
I O I I O W S  p o l y b a s i t e  l i n i n g  v u g s  i n  t h e  g a l e n a  ( F i g u r e  2 4 )  b u t  m o r e  g e n e r ­
a l l y ,  b o t h  a p p e a r  t o  h a v e  b e e n  d e p o s i t e d  s i m u l t a n e o u s l y .  F r a c t u r i n g  i s  
s e e n  l o c a l l y  t o  h a v e  a f f e c t e d  b o t h  t h e  g a l e n a  a n d  p o l y b a s i t e - p y r a r g y r i t e  
p h a s e  o f  t h e  m i n e r a l i z a t i o n  ( F i g u r e  2 5 ) .  T h e  f r a c t u r i n g  i n  t h e  g a l e n a  i s  
p r o n o u n c e d  a n d  r e s u l t s  i n  v e r y  f i n e ,  f o l i a t e d  g a l e n a  ( " s t e e l  g a l e n a " )  
t h a t  i s  c o m m o n  i n  t h e  a r e a .  P y r i t e  i s  r a r e  i n  t h e  g a l e n a  a s  t i n y  a n h e d r a l  
g r a i n s  p o s s i b l y  i n h e r i t e d  f r o m  a n  e a r l i e r  s t a g e  o f  m i n e r a l i z a t i o n ,  b u t  
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F i g u r e  2 3 .  E x s o l v e d  b l e b s  o f  p o l y b a s i t e  ( p l b )  i n  g a l e n a  ( g n )  f r o m  t h e  
D u n d e n b e r g  M i n e .  T w o  o f  t h e  b l e b s  a r e  s h o w n  a t  t h e  e n d  o f  
t h e  a r r o w s .  T h i s  e x a m p l e  s h o w s  m o r e  e x s o l v e d  s u l i o s a l t s  t h a n  
i s  u s u a l .  T h e  p h o t o g r a p h  a l s o  s h o w s  a n  u n u s u a l l y  l a r g e  m a s s  
o f  p o l y b a s i t e  i n t e r g r o w n  w i t h  t h e  g a l e n a  i n  a  p s e u d o e u t e c t i c  
t e x t u r e .  T h e  p o l y b a s i t e  a n d  g a l e n a  a r e  b o t h  l a t e r  t h a n  c h e  
p y r i t e  ( p y ) .  
! - ! (ASL 
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F i g u r e  2 4 .  S e q u e n t i a l  d e p o s i t i o n  o f  p y r i t e  ( p y ) ,  p o l y b a s i t e  ( p i b ) ,  a n d  
p y r a r g y r i t e  ( p r )  i n  a  v u g  i n  g a l e n a  ( g n ) .  T h e  p o l y b a s i t e  
c a n n o t  b e  d i s t i n g u i s h e d  f r o m  t h e  p y r a r g y r i t e  o n  t h e  p h o t o ­
g r a p h .  T h e  b l a c k  w e d g e s  a r e  p i t s  i n  t h e  g a l e n a  a n d  s j o h  i s  
s p h a l e r i t e .  F r o m  t h e  J o h n n y  B u l l  m i n e .  
I  -  l i - U i .  
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F i g u r e  2 5 .  " S h e a r e d - o u t "  m a s s e s  o f  p y r a r g y r i t e  ( p r )  i n  g a l e n a  ( g n ) .  
T h e  p y r a r g y r i t e  a l s o  i n c l u d e s  s o m e  p o l y b a s i t e  w h i c h  c a n n o t  
b e  d i s t i n g u i s h e d  f r o m  i t  i n  t h e  p h o t o g r a p h .  F r o m  t h e  B a l t i ­
m o r e  t u n n e l .  
»  -  :  U K J C .  
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p y r i t e  o c c u r s  a s  r a r e  i n t e r g r o w t h s  w i t h  t h e  p o l y b a s i t e  o r  p y r a r g y r i t e .  
T h e  l a r g e r  m a s s e s  o f  p o l y b a s i t e  a n d  p y r a r g y r i t e  m a y  b e  d u e  t o  t h e  s e g r e ­
g a t i o n  o f  t h e  e x s o l v e d  p h a s e s  o f  t h e s e  m i n e r a l s  f r o m  g a l e n a ,  e s p e c i a l l y  
a s  c r o s s c u t t i n g  p o l y b a s i t e  a n d  p y r a r g y r i t e  i n  t h e  g a l e n a  i s  r a r e .  B a r i t e  
o c c u r s  o n l y  w i t h  t h e  p o l y b a s i t e - p y r a r g y r i t e  m i n e r a l i z a t i o n ,  b u t  c a l c i t e  
a n d  s i d e r i t e  a r e  m u c h  m o r e  w i d e s p r e a d  i n  t h e  l a s t  s t a g e  o f  h y p o g e n e  m i n ­
e r a l i z a t i o n .  
S u b s e q u e n t  t o  t h e  s i l v e r  s u l f o s a l t  m i n e r a l i z a t i o n ,  w h i c h  i s  
p r o b a b l y  o f  h y p o g e n e  o r i g i n ,  a  n u m b e r  o f  m i n e r a l s  o f  p r o b a b l e  s e c o n d a r y  
o r i g i n  w e r e  d e p o s i t e d  l o c a l l y .  G e n e r a l l y ,  t h e s e  o c c u r r e d  ( o r  a r e  s a i d  
t o  h a v e  o c c u r r e d )  i n  s u r f a c e  o r  n e a r - s u r f a c e  e n v i r o n m e n t s .  A c a n t h i t e  a n d  
w i r e  s i l v e r  c a n  b e  f o u n d  i n  m o d e r a t e  a b u n d a n c e  i n  t h e  J o h n n y  B u l l  m i n e ,  
a n d  c o v e l l i t e  a n d  c h a l c o c i t e  w e r e  f o u n d .  A  n u m b e r  o f  l a r g e  s p e c i m e n s  o f  
a c a n t h i t e  a n d  j a l p a i t e  w e r e  r e c o v e r e d  f r o m  v a r i o u s  c o l l e c t i o n s ,  a n d  s o m e  
m a y  h a v e  b e e n  o f  h y p o g e n e  o r i g i n .  M o r e  p r o b a b l y ,  t h e y  a r e  o f  s u p e r g e n e  
o r i g i n ,  a n d  t h e  j a l p a i t e  w a s  p r o b a b l y  d e p o s i t e d  b e l o w  a  t e m p e r a t u r e  o f  
1 1 7 °  C .  ( S e e  t h e  d e s c r i p t i o n  o f  j a l p a i t e  i n  t h e  m i n e r a l o g y  s e c t i o n  f o r  
t h e  d e r i v a t i o n  o f  t h i s  t e m p e r a t u r e ,  p .  9 5 - 9 6 ) .  G a l e n a  a n d  s p h a l e r i t e  
w e r e  n o t  s e e n  i n  o c c u r r e n c e s  t h a t  w o u l d  i n d i c a t e  s e c o n d a r y  o r i g i n ,  b u t  
p y r i t e  a n d  c h a l c o p y r i t e  w e r e .  P y r i t e  o c c u r s  a l o n g  c r a c k s  a n d  j o i n t s  
c r o s s c u t t i n g  a l l  t h e  o t h e r  s u l f i d e s ,  s u l f o s a l t s ,  a n d  g a n g u e  m i n e r a l s  i n  
t h e  J o h n n y  B u l l  m i n e  w i t h  s e c o n d a r y  a c a n t h i t e .  C h a l c o p y r i t e  a n d  p y r i t e  
w e r e  a l s o  s e e n  g r o w i n g  a s  t i n y  c r y s t a l s  o n  a  n u m b e r  o f  s p e c i m e n s  o f  a c a n ­
t h i  t e  a n d  j a l p a i t e .  
T - 1 2 0 2  
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M i n e r a l o g l c a l  Z o n i n g  
T h e r e  i s  a  c l e a r l y  d e f i n e d  m i n e r a l o g i c a l  z o n i n g  f r o m  n o r t h ­
e a s t  t o  s o u t h w e s t  a s  e x p o s e d  i n  a  r o u g h l y  h o r i z o n t a l  p l a n e  d e f i n e d  b y  
t h e  D i a m o n d ,  B u r l e i g h ,  M e n d o t a ,  a n d  J o h n n y  B u l l  t u n n e l s  ( a b o u t  9 , 2 0 0  +  
1 5 0 ' ) .  T h i s  z o n i n g  i s  e x p r e s s e d  i n  t h e  o c c u r r e n c e  o f  d i f f e r e n t  s p e c i e s  
o f  s u l f o s a l t s  ( P l a t e  8 ) .  T h e  t r a n s i t i o n  i s  f r o m  m a i n l y  t e t r a h e d r i t e ,  a t  
t h e  e a s t e r n  s i d e  o f  t h e  a r e a  i n  t h e  D i a m o n d  t u n n e l ,  t o  a  m i x t u r e  o f  t e t r a -
h e d r i t e  a n d  p o l y b a s i t e  i n  t h e  B u r l e i g h - M e n d o t a  t u n n e l  a r e a ,  t o  p o l y b a s i t e  
a n d  p y r a r g y r i t e  i n  t h e  s o u t h w e s t  p o r t i o n  o f  t h e  a r e a .  
I d e n t i f i c a t i o n  o f  t h e  s u l f o s a l t s  w a s  m a i n l y  b y  t h e  u s e  o f  t h e  
r e f l e c t i n g  m i c r o s c o p e  a s  b y  f a r  m o s t  o f  t h e  s u l f o s a l t s  a r e  p r e s e n t  o n l y  
i n  m i c r o s c o p i c  q u a n t i t i e s .  H o w e v e r ,  o n l y  a  f e w  o f  t h e  m o r e  t h a n  2 5 0  
p o l i s h e d  s e c t i o n s  f a i l e d  t o  s h o w  a t  l e a s t  a  f e w  b l e b s  o f  o n e  o r  t h e  o t h e r  
s u l f o s a l t s  i n  t h e  g a l e n a .  T h e  d i s t i n c t i o n  b e t w e e n  t e t r a h e d r i t e  a n d  p o l y ­
b a s i t e  i n  e v e n  t h e  s m a l l e s t  g r a i n s  w a s  e a s i l y  m a d e  b y  t h e  i s o t r o p i s m  o f  
t e t r a h e d r i t e  v e r s u s  t h e  s h a r p  a n i s o t r o p i s m  o f  p o l y b a s i t e .  
T h e  m i n e r a l o g i c a l  z o n i n g  i s  d i r e c t l y  a t t r i b u t e d  t o  t e m p e r a t u r e  
v a r i a t i o n  d u r i n g  m i n e r a l  d e p o s i t i o n .  T h e  t r a n s i t i o n  f r o m  t e t r a h e d r i t e  t o  
p o l y b a s i t e  t o  p y r a r g y r i t e  c o r r e s p o n d s  t o  t h e  t r a n s i t i o n  f r o m  h i g h e r  t o  
l o w e r  t e m p e r a t u r e s  a s  s h o w n  i n  t h e  g e n e r a l  p a r a g e n e t i c  s e q u e n c e s  o f  
L i n d g r e n  ( 1 9 3 3 ,  p .  1 3 9 - 1 4 0 )  a n d  E d w a r d s  ( 1 9 5 4 ,  p .  1 3 6 ) .  
S i m i l a r  z o n a l  p a t t e r n s  h a v e  b e e n  s h o w n  b y  H a w l e y  a n d  M o o r e  
( 1 9 6 7 ,  P l a t e  4 )  i n  t h e  C e n t r a l  C i t y - I d a h o  S p r i n g s - L a w s o n  a r e a .  T h e i r  
m a i n  s u b d i v i s i o n s  a r e  p y r i  t e  v e i n s ,  g a l e n a - s p h a l e r i t e  v e i n s ,  a n d  q u a r t z -
c a r b o n a t e  o r  b a r r e n  v e i n s .  C l e a r l y  w i t h i n  t h e  S i l v e r  P l u m e ,  t h e  
T - 1 2 0 2  
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m i n e r a l i z a t i o n  c o r r e s p o n d s  t o  t h e i r  g a l e n a - s p h a l e r i t e  z o n e  a s  i n f e r r e d  
f r o m  t h e i r  m ap s  a n d  a s  s h o w n  i n  t h i s  s t u d y .  T h e  d i s t i n c t i o n  b e t w e e n  t h e  
d i f f e r e n t  s p e c i e s  o f  s u l f o s a l t s  i n  t h e  p r e s e n t  s t u d y  a l l o w s  m u c h  g r e a t e r  
r e s o l u t i o n  i n  o u t l i n i n g  t h e  z o n a l  p a t t e r n s  o f  t h e  o r e .  I n  a d d i t i o n ,  
H a w l e y  a n d  M o o r e ' s  q u a r t z - c a r b o n a t e  z o n a  m a y  b e  r e p r e s e n t e d  i n  t h e  S i l v e r  
P l u m e  a r e a  b y  t h e  m a s s i v e  s i d e r i t e  f o u n d  o n  s o m e  o f  t h e  d u m p s  p e r i p h e r a l  
t o  t h e  m i n e r a l i z a t i o n  i n  t h e  c e n t r a l  p o r t i o n  o f  t h e  a r e a .  
B e c a u s e  o f  t h e  a c c e s s i b i l i t y  a f f o r d e d  b y  t h e  D i a m o n d ,  B u r ­
l e i g h ,  M e n d o t a ,  a n d  J o h n n y  B u l l  t u n n e l s ,  t h e  z o n i n g  i n  a  g e n e r a l l y  h o r i ­
z o n t a l  p l a n e  c a n  b e  c l e a r l y  s e e n .  H o w e v e r ,  t h e  v e r t i c a l  c o n t i n u i t y  o f  
t h e  z o n a l  p a t t e r n  i s  u n c e r t a i n .  T h e r e  i s  a  t e n d e n c y  t o  a s s u m e  t h a t  n e a r  
s u r f a c e  m i n e r a l i z a t i o n  t h r o u g h  t h e  m a p p e d  a r e a  c o n t a i n e d  t h e  r i c h e s t  o r e  
a n d  t h a t  p o l y b a s i t e  a n d  p y r a r g y r i t e  w e r e  c o m m o n  t h e r e  ( L o v e r i n g  a n d  
G o d d a r d  1 9 5 0 ,  p .  1 3 8 - 1 3 9 ;  a n d  S p u r r ,  G a r r e y ,  a n d  B a l l ,  1 9 0 8 ) .  I f  t h i s  
a s s u m p t i o n  i s  t r u e  ( a n d  i t  p r o b a b l y  i s ) ,  t h e  z o n e s  c o u l d  b e  t h o u g h t  o f  
a s  l y i n g  p a r a l l e l  t c  t h e  p r e s e n t  o r  a  s i m i l a r  s u r f a c e .  S i n c e  t h e  m i n e r ­
a l i z a t i o n  i s  O l i g o c e n e  o r  y o u n g e r ,  t h e  t o p o g r a p h y  a t  t h e  t i m e  o f  m i n e r a l ­
i z a t i o n  u n d o u b t e d l y  r e f l e c t s  t h e  O l i g o c e n e  t o p o g r a p h y  t h a t  a t  l e a s t  
l o c a l l y  w a s  a t  a b o u t  1 2 , 0 0 0  f e e t  i n  e l e v a t i o n  ( o r  L o v e r i n g ' s  1 9 3 5 ,  p .  2 2 -
2 4 ,  " E o c e n e "  o r  " M i o c e n e "  s u r f a c e s ) .  H o w e v e r ,  i t  i s  d i f f i c u l t  t o  r e c o n ­
c i l e  t h e  p o l y b a s i t e - p y r a r g y r i t e  o c c u r r i n g  a t  a b o u t  9 , 3 0 0  f e e t  i n  t h e  
J o h n n y  B u l l  m i n e  t o  t h i s  s u r f a c e .  A n  a d d i t i o n a l  c o n t r o l  c a n  b e  r e l a t e d  
t o  t h e  P e l i c a n - B i s m a r k  f a u l t  z o n e  w h i c h  a c t e d  a s  t h e  m a i n  o r e  s o l u t i o n  
c h a n n e l  w i t h i n  t h e  a r e a .  W i t h  i n c r e a s i n g  d i s t a n c e  t o  t h e  s o u t h w e s t  f r o m  
t h i s  f r a c t u r e ,  s u c c e s s i v e l y  l o w e r  t e m p e r a t u r e  s u l f o s a l t s  w e r e  d e p o s i t e d .  
T h e  g e o m e t r y  o f  t h e  z o n e s  t h e n  r e f l e c t s  a  c o m b i n a t i o n  o f  t h e s e  t w o  f a c t o r s .  
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The Pelican-Bismark zone acted as the main channel,  and the temperature 
of the mineralizat ion dropped off  to the southwest (and northeast?),  but 
the zones also arched up over the central  portion of the area to reflect  
the Oligocene topography at  an elevation of about 12,000 feet .  
Geochemistry 
The geochemical portion of this thesis is  devoted to a study 
of the trace elements in galena and bulk sulfides in the veins of the 
area and to the distribution of the metall ic elements in the Precambrian 
rocks along the Johnny Bull  and Mendota tunnels.  The metal  content of 
the galena,  bulk sulfides,  and rock was determined by s emi-quantitat ive 
spectrograph"!c analysis;  see Appendix I  for details  of the methods used 
and the accuracy of the values.  
Trace-element content of galena 
Because of the zoning of the mineral  species in the area,  i t  
was thought that  there might also be a trend in the content in one or more 
trace metals in the ore or in a part icular sulfide.  Galena appeared to 
be the most l ikely species to show the variation,  and i t  occurs widely in 
the area.  Accordingly,  95 galena samples were hand picked from hand spec­
imens and were analyzed spectrograph!'cally as outl ined in the Appendix.  
The g alena samples were "pure" to the l imit  of a binocular microscope, 
but al l  contained various amounts of exsolved sulfosalts  and minor sul­
fides.  The trace-metal  content thus reflects the presence of these 
mineral  impurit ies as well  as possible solid solution within the galena 
I - 1 2 0 2  
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l a t t i c e .  
T h e  H g ,  G e ,  S n ,  G a ,  B i ,  B e ,  M o ,  I n ,  C d ,  C o ,  a n d  S r  c o n t e n t  o f  
a l l  t h e  g a l e n a  s a m p l e s  w a s  b e l o w  t h e  l i m i t  o f  d e t e c t a b i 1 i t y ,  o r  t h e  v a l u e s  
w e r e  a b o v e  t h e  m a x i m u m  s e n s i t i v i t y  o n l y  i n  a  f e w  s a m p l e s .  T h e  C u  a n d  Z n  
c o n t e n t  v a r i e d  g r e a t l y  a n d  u n d o u b t e d l y  r e f l e c t e d  m i c r o s c o p i c  s p h a l e r i t e  
a n d  c h a l c o p y r i t e  i m p u r i t i e s .  B e c a u s e  t h e  m i n e r a l  z o n i n g  i n v o l v e d  s p e c i e s  
t h a t  c o n t a i n e d  m o s t l y  S b ,  A s ,  a n d  A g ,  t h e s e  e l e m e n t s  w e r e  e x a m i n e d  i n  
d e t a i l  ( P l a t e  3 ) .  A l m o s t  a l l  t h e  s a m p l e s  c o n t a i n e d  d e t e c t a b l e  a m o u n t s  o f  
S b  a n d  A g ,  b u t  t h e  v a r i a t i o n  i n  t h e i r  c o n t e n t  w a s  n o t  d i a g n o s t i c .  I n d e e d ,  
i t  i s  s u r p r i s i n g  t h a t  t h e  g a l e n a  h a s  a b o u t  t h e  s a m e  a m o u n t  o f  S b  a n d  A g  
a l m o s t  e v e r y w h e r e .  T h e  S b  c o n t e n t  o f  t h e  g a l e n a  i s  r e l a t i v e l y  c o n s t a n t  
a t  f r o m  5 0 0  t o  1 , 0 0 0  p p m .  T h e  A g  c o n t e n t  i s  s o m e w h a t  m o r e  v a r i a b l e ,  b u t  
m o s t  v a l u e s  a r e  a b o u t  1 , 0 0 0  p p m  ( 3 0  o z .  p e r  t o n ) .  T h e  h i g h e s t  v a l u e s  a r e  
n o t e d  i n  t h e  J o h n n y  B u l l  m i n e ,  w h e r e  t h e  g a l e n a  c o n t a i n s  a b o u t  5 , 0 0 0  p p m  
A g  ( 1 5 0  o z .  o f  A g  p e r  t o n ) ,  b u t  t h e  A g  c o n t e n t  w a s  h i g h l y  v a r i a b l e .  T h i s  
c o n s t a n c y  o f  S b  a n d  A g  m a y  r e p r e s e n t  t h e  c o n t e n t  o f  t h e s e  m e t a l s  t h a t  
c o u l d  b e  a c c o m m o d a t e d  i n  t h e  c r y s t a l  l a t t i c e  o f  t h e  g a l e n a  a b o u t  t h e  e x s o -
l u t i o n  t e m p e r a t u r e ,  o r  i t  m a y  r e p r e s e n t  a  c o n s t a n t  c o n t e n t  o f  m e t a l s  i n  
t h e  s o l u t i o n  d e p o s i t i n g  t h e  g a l e n a  a b o v e  t h e  e x s o l u t i o n  t e m p e r a t u r e .  
A r s e n i c  w a s  i n v a r i a b l y  p r e s e n t  i n  m u c h  s m a l l e r  q u a n t i t i e s  t h a n  t h e  S b .  
O n l y  1 9  o f  t h e  9 5  s a m p l e s  s h o w e d  a n y  d e t e c t a b l e  A s ,  a n d  t h e  m o s t  o f  t h e s e  
v a l u e s  w e r e  a t  t h e  m a x i m u m  d e t e c t a b l e  v a l u e  o f  2 0  p p m .  A  f e w  s h o w e d  
v a l u e s  a s  h i g h  a s  1 , 0 0 0  p p m  A s ,  b u t  i n  m o s t  o f  t h e s e  a r s e n o p y r i t e  w a s  
i d e n t i f i e d  i n  t h e  o r e .  
T h e  p r e s e n c e  o f  S b  t o  t h e  e x c l u s i o n  o f  s i g n i f i c a n t  A s  i n  
g a l e n a  ( a c t u a l l y  i n  i n c l u s i o n s  i n  t h e  g a l e n a )  i s  n o t  a  l o c a l  p h e n o m e n o n  
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b u t  h a s  b e e n  f o u n d  w i d e l y  a n d  i s  p e r h a p s  t h e  g e n e r a l  r u l e .  F l e i s c h e r  
( 1 3 5 5 ,  p .  9 7 5 - 9 8 2 )  i n  h i s  s u m m a r y  o f  m a n y  w o r k e r s  a n a l y s e s  o f  g a l e n a  
f o u n d  t h a t  A s  h a d  b e e n  f o u n d  i n  o n l y  5 0  o u t  o f  2 2 9  s a m p l e s  w h i l e  S b  w a s  
m i s s i n g  i n  o n l y  3 5  o u t  o f  2 2 4 .  S h a z y  ( 1 9 5 7 ,  p .  2 5 7 )  a n a l y z e d  8 3  s a m p l e s  
o f  g a l e n a  f r o m  t h e  B r i t i s h  I s l e s  a n d  f o u n d  S b  i n  a l l  s a m p l e s  i n  t h e  r a n g e  
1 0  t o  5 , 0 0 0  p p r n ,  a n d  h a l f  o f  t h e  s a m p l e s  s h o w e d  g r e a t e r  t h a n  1 0 0  p p m .  
A r s e n i c  w a s  f o u n d  i n  o n l y  3  o f  t h e  8 3 .  A n  e v e n  m o r e  p r o n o u n c e d  d i f f e r e n c e  
w a s  n o t e d  b y  B o y l e  ( 1 9 5 6 ,  p .  1 2 9 - 1 3 2 )  a t  K e n o  H i l l  i n  t h e  Y u k o n  T e r r i t o r y ,  
C a n a d a .  I n  1 5  g a l e n a  s a m p l e s ,  S b  r a n g e d  f r o m  2 , 4 0 0  t o  6 , 6 0 0  p p m  w h i l e  A s  
w a s  l e s s  t h a n  5  p p m  i n  a l l  b u t  o n e  s a m p l e  w h i c h  r e a c h e d  4 0  p p m .  T h e r e  i s  
n o  c e r t a i n t y  t h a t  t h e  S b  c o n t e n t  o f  g a l e n a  i s  d u e  t o  e x s o l v e d  i n c l u s i o n s  
i n  a l l  c a s e s ,  b u t  i t  i s  a  v e r y  l i k e l y  p o s s i b i l i t y  i n  m o s t .  
I n  s p i t e  o f  t h e  f a c t  t h a t  S b  a n d  A s  s h o w  c o m p l e t e  s u b s t i t u t i o n  
i n  m a n y  s u l f o s a l t  s e r i e s ,  t h e  i o n i c  r a d i i  o f  t h e  e l e m e n t s  a r e  n o t  p a r t i ­
c u l a r l y  c l o s e .  G r e e n  ( 1 9 5 9 )  g i v e s  a  r a d i u s  o f  0 . 5 8  K  f o r  A s + + +  i n  6 -
c o o r d i n a t i o n  a n d  a  r a d i u s  o f  0 . 7 6  A  f o r  S b+ H ~  i n  6 - c o o r d i n a t i o n .  S i m i l a r  
0  0  + + + + +  
f i g u r e s  f o r  4 - c o o r d i n a t i o n  a r e  0 . 4 4  A  f o r  A s  a n d  0 . 5 9  A  f o r  S b  
T h e  c r i t e r i a  f o r  s u b s t i t u t i o n  o f  i o n s  i n  a  l a t t i c e  i s  a  1 5 -  o r  2 0 - p e r c e n t  
v a r i a t i o n  i n  s i z e .  C o m p a r i n g  t h e  i o n i c  s i z e  o f  S b  a n d  A s  s u g g e s t s  t h a t  
s u b s t i t u t i o n  w i l l  n o t  t a k e  p l a c e  e a s i l y .  T h e  o c c u r r e n c e  o f  s o  m a n y  s u l f o ­
s a l t  s e r i e s  i n v o l v i n g  c o m p l e t e  s u b s t i t u t i o n  o f  S b  f o r  A s ,  p y r a r g y r i t e -
p r o u s t i t e  a s  o n e  e x a m p l e  ( T o u l r n i n ,  1 9 6 3 ) ,  c e r t a i n l y  p r o v e s  t h a t  t h e  s u b ­
s t i t u t i o n  d o e s  t a k e  p l a c e  a t  l o w  t e m p e r a t u r e s .  T h e  w i d e s p r e a d  l a c k  o f  A s  
i n  g a l e n a  s u g g e s t s  t h a t  t h e  s u b s t i t u t i o n  d o e s  n o t  t a k e  p l a c e  a b o v e  t h e  
e x s o l u t i o n  t e m p e r a t u r e .  A t  l e a s t ,  i t  d o e s  n o t  t a k e  p l a c e  s o  r e a d i l y  w i t h i n  
t h e  f r a m e w o r k  o f  t h e  g a l e n a  l a t t i c e .  
- I t-WC. 
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Trace Elements of Vein S ulfides 
A sim ilar attempt was made to determine the trace-element 
content of the bulk sulfides in the veins.  Various sized samples of vein 
material  were crushed, spli t ,  and s pectrograph! 'cally analyzed. These in 
no wa y represented mineable widths of ore but rather selected sulfide 
samples.  The samples generally represented at  least  two o r three hand 
specimens from a given locali ty,  and many represented up to 10 pounds of 
sulf ide material .  The major mineral  content of the samples varied from 
almost enti rely sphaleri te to almost entirely galena,  with variable amounts 
of pyrite.  The trace-metal  content necessari ly reflects the trace metal  
content of al l  of these minerals as well  as the parti t ion coefficient of 
the trace metals between them. 
There was no d etectable Hg, Ga, Ge, Be, or Mo i n any of the 
samples.  Tin was present in only 3 of the 55 samples at  20 to 50 ppm. 
The In content of the sulfides was variable even in adjacent samples and 
varied from 20 to 50 ppm. The Co c ontent of the samples was very consis­
tent in al l  samples at  50 to 100 ppm, and the Sr content ranged from 20 
to 100 ppm, with no a pparent trends.  The Zn, Pb, and Cu content is  above 
1 percent in al l  samples as is  obvious from the major minerals in the 
veins.  
The A g content of the vein sulfides (Plate 11) and the As-Sb 
content (Plate 10) show l arge variations.  The Sb and As content of the 
vein sulf ides,  in particular,  shows no obvious trends.  However,  i t  is  
noticeable that  the Ag values in the surface samples generally show high 
Ag values as do sulfides from the Johnny B ull  mine,  as opposed to the 
i  -  i CKJC 
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lower values in the underground workings in the eastern and central  por­
t ion of the area.  This variat ion in Ag content may be due to either or 
both of two f actors.  Supergene enrichment may have increased the near-
surface samples in Ag. Texturally such does not appear to be the case,  
as most of the samples used appeared to consist  mainly of unaltered sul­
fides.  The other interpretation is  that  these higher Ag values conform 
to the mineralogical  zoning. The lowest temperature mineral izat ion zone 
(polybasite-pyrargyrite)  is  found in the upper portion of the veins in 
the central  portion of the area and occurs only at  the lower elevations 
in the southwestern portion of the area.  
An interesting aspect of the trace-element content of the vein 
sulfides as compared to the galena is  that  As is  very prominent in the 
vein sulfides.  In many cases,  As is  found to the exclusion of Sb or is  
at  least  present in greater quanti ty.  Both the trace-element content of 
the galena (Plate S) and the semiquantitat ive analyses of the various 
sulfosalt  minerals (Table 5) would indicate that  these minerals represent 
the Sb-rich members,  or  at  least  Sb and As in nearly equal proportions.  
The abundance of arsenic in the vein sulfides must then be explained other 
than by the As content of the sulfosalts .  At least  part  of the discrepancy 
can be at tr ibuted to the presence of arsenopyrite in the vein sulfides.  
Arsenopyrite is  not commonly found but has been noted in a number of local­
i t ies within the area (p.  90) and may be more widespread in very f ine 
grains.  
I - 1 z uz 
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T r a c e  E l e m e n t s  i n  t h e  W a l l  R o c k  
C l o s e l y  s p a c e d  s a m p l e s  w e r e  t a k e n  a l o n g  t h e  M e n d o t a  a n d  J o h n n y  
B u l l  t u n n e l s  t o  d e t e r m i n e  t h e  t r a c e - e l e m e n t  c o n t e n t  o f  t h e  w a l l  r o c k  a w a y  
f r o m  t h e  v e i n s .  I t  w a s  f e l t  t h a t  t h e  v a r i a t i o n s  i n  t h e  t r a c e - e l e m e n t  c o n ­
t e n t  a d j a c e n t  t o  t h e  v e i n s  m i g h t  s e r v e  a s  a n  e x p l o r a t i o n  t o o l  o r  s u g g e s t  
i d e a s  o f  t h e  o r i g i n  o f  t h e  d e p o s i t s .  T h e  r e s u l t s ,  P l a t e  1 2 ,  a r e  u n i m p r e s ­
s i v e  i n  e i t h e r  r e g a r d .  
T h e  s a m p l e s  w e r e  c e n t e r e d  a t  2 0 - f o o t  i n t e r v a l s  a l o n g  t h e  t o t a l  
l e n g t h  o f  t h e  M e n d o t a  a n d  J o h n n y  B u l l  t u n n e l s .  A t  a  g i v e n  2 0 - f o o t  s t a ­
t i o n ,  a p p r o x i m a t e l y  f i s t - s i z e d  s a m p l e s  w e r e  t a k e n  f r o m  b o t h  w a l l s  o f  t h e  
d r i f t ,  a n o t h e r  w a s  t a k e n  a b o u t  5  f e e t  a h e a d  f r o m  o n e  w a l l  o f  t h e  t u n n e l ,  
a n d  a n o t h e r  w a s  t a k e n  5  f e e t  t o  t h e  r e a r  f r o m  t h e  o t h e r  w a l l .  T h i s  p r o ­
c e d u r e  w a s  m e a n t  t o  s m o o t h  o u t  a n y  e r r a t i c a l l y  h i g h  o r  l o w  r e a d i n g s  f r o m  
a  s i n g l e  l o c a l i t y  o n  t h e  d r i f t  w a l l s .  A n  a t t e m p t  w a s  m a d e  t o  o b t a i n  o n l y  
f r e s h  u n f r a c t u r e d  r o c k s .  A n o t h e r  a p p r o a c h  w a s  c o n s i d e r e d  i n  w h i c h  m a t e r ­
i a l  f r o m  j o i n t s  a n d  f r a c t u r e s  w o u l d  b e  s a m p l e d ;  h o w e v e r ,  t h e r e  s e e m s  t o  b e  
n o  m e t h o d  o f  o b t a i n i n g  r e p r e s e n t a t i v e ,  r e p r o d u c i b l e  s a m p l e s  o f  s u c h  m a t e r ­
i a l  a t  r e g u l a r  i n t e r v a l s .  A d j a c e n t  t o  t h e  v e i n s  a n d  a t  f a u l t s ,  t h e  s a m p ­
l i n g  i n t e r v a l  w a s  u s u a l l y  c l o s e r  b u t  a t  n o  s e t  i n t e r v a l .  
O n l y  t h e  v a l u e s  f o r  C u ,  Z n ,  P b ,  a n d  A g  a r e  s h o w n  o n  P l a t e  1 2  
a s  o n l y  t h e y  w e r e  g e n e r a l l y ,  o r  a t  l e a s t  i n t e r m i t t e n t l y ,  a b o v e  t h e  l e v e l  
o f  m a x i m u m  s e n s i t i v i t y  a n d  s h o w  d e f i n i t e  v a r i a t i o n s .  T h e  f i l m s  w e r e  
c h e c k e d  f o r  A s ,  S b ,  G e ,  S n ,  B i ,  B e ,  M o ,  I n ,  C d ,  a n d  C o ;  b u t  t h e y  w e r e  n o t  
f o u n d ,  a n d  H g  w a s  o b s c u r e d  b y  o t h e r  l i n e s .  S t r o n t i u m  w a s  p r e s e n t  i n  a l l  
samples but showed little variation. The Sr values varied from 150 to 500 
I  -  i  Z U Z  
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p p m  a n d  w a s  g e n e r a l l y  a b o u t  2 0 0  p p m .  S i m i l a r l y  G a  v a r i e d  f r o m  1 0 0  t o  
2 0 0  p p m ,  w i t h  m o s t  v a l u e s  a t  a b o u t  1 0 0  p p m .  
C o p p e r  v a l u e s  i n  t h e  M e n d o t a  t u n n e l  a r e  e r r a t i c .  B o t h  h i g h  
a n d  l o w  v a l u e s  c a n  b e  s e e n  i m m e d i a t e l y  a d j a c e n t  t o  t h e  v e i n s .  T h e r e  d o e s  
n o t  a p p e a r  t o  b e  a n y  t r e n d  i n  t h e  C u  c o n t e n t  o f  t h e  w a l l  r o c k ,  a n d  t h e r e  
i s  n o  c o n s t a n t  b a c k g r o u n d  v a l u e  a w a y  f r o m  t h e  v e i n s .  A t  l e a s t  p a r t  o f  
t h e  C u  c o n t e n t  o f  t h e  w a l l  r o c k  c a n  b e  a t t r i b u t e d  t o  t h e  b a c k g r o u n d  v a l u e s  
f o r  m e t a m o r p h i c  r o c k s  a n d  g r a n i t e .  R a n k a m a  a n d  S a h a m a  ( 1 9 5 0 )  g i v e  a  n u m ­
b e r  o f  v a l u e s  f o r  C u  i n  s e d i m e n t s  a n d  i g n e o u s  r o c k s .  T h e  v a l u e s  s h o w  
l a r g e  v a r i a t i o n s ,  d e p e n d i n g  o n  t h e  a u t h o r i t y  c i t e d ,  b u t  t h e  v a l u e s  o f  u p  
t o  1 0 0  p p m  C u  n o t e d  i n  t h i s  s t u d y  c o u l d  e a s i l y  b e  a t t r i b u t e d  t o  b a c k g r o u n d  
a l o n e .  I n  c o n t r a s t ,  t h e  C u  v a l u e s  i n  t h e  J o h n n y  B u l l  v e i n  s h o w  a  m a r k e d  
b u i l d u p  t o w a r d  t h e  v e i n  f r o m  a t  l e a s t  3 0 0  f e e t  f r o m  t h e  v e i n .  T h e  m o s t  
l i k e l y  e x p l a n a t i o n  f o r  t h i s  b u i l d u p  c a n  b e  r e l a t e d  t o  d i f f u s i o n  f r o m  t h e  
v e i n  o u t w a r d  ( o r  i n w a r d )  i n t o  t h e  w a l l  r o c k  d u r i n g  m i n e r a l i z a t i o n .  A  
t r e n d  s u c h  a s  c h a t  s e e n  i n  t h e  J o h n n y  B u l l  m i n e  w o u l d  s e r v e  a s  a n  e x c e l ­
l e n t  e x p l o r a t i o n  g u i d e  i f  s u c h  t r e n d s  w e r e  t h e  g e n e r a l  r u l e  i n  t h e  a r e a .  
T h e  e r r a t i c  C u  v a l u e s  i n  t h e  M e n d o t a  t u n n e l  i n d i c a t e  t h a t  r e g u l a r  i n c r e a s e s  
t o w a r d  t h e  v e i n  m a y  n o t  b e  t h e  r u l e ,  b u t  t h e  e x c e p t i o n .  
L e a d  s h o w s  a  f a i r l y  c o n s t a n t  b a c k g r o u n d  v a l u e  o f  a b o u t  5 0  t o  
1 0 0  p p m  i n  b o t h  t h e  J o h n n y  B u l l  a n d  M e n d o t a  t u n n e l s .  T h i s  v a l u e  f o r  P b  
i s  c o n s i d e r a b l y  a b o v e  t h a t  g i v e n  b y  R a n k a m a  a n d  S a h a m a  ( 1 9 5 0 ) ,  w h o  i n d i ­
c a t e  v a l u e s  o f  f r o m  9  t o  3 0  p p m  i n  a c i d i c  i g n e o u s  r o c k s  a n d  s o m e w h a t  l e s s  
t h a n  t h a t  i n  s e d i m e n t s .  T h e  b a c k g r o u n d  g i v e n  f o r  t h i s  w o r k  m a y  r e p r e s e n t  
a  l o c a l  ( M i n e r a l  B e l t )  r a t h e r  t h a n  r e g i o n a l  b a c k g r o u n d .  A g a i n ,  t h e  b u i l d ­
u p  o f  P b  a d j a c e n t  t o  t h e  v e i n s  m a y  o r  m a y  n o t  b e  n o t e d .  T h e  N o r t h  F r o s b e r g  
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vein in the Mendota tunnel shows a pronounced buildup to 2,000 ppm from 
100 feet away from the vein. However, the South Frosberg vein, less than 
200 feet to the south, shows no change at all adjacent to the vein, and 
the other veins show e rratic curves. The Johnny B ull vein shows a few 
higher values for Pb near the vein, but again the distribution is erratic. 
Both Zn and Ag show s cattered values above the maximum se nsi­
tivity for these elements adjacent to the veins. There is no gradual 
buildup or trend discernible. The limiting factor in this case is the 
maximum s ensitivity for these elements, a sensitivity which is generally 
above that of the zinc and silver content of the wall rocks. 
Whether the sampling was spaced close enough to define the 
curves of the variations of the trace elements in the wall rocks is open 
to question. Only a much mor e detailed sampling program testing various 
spacing intervals and sa mpling techniques can test the validity of these 
curves. However, one readily apparent conclusion from this work is that 
any theories presented on the basis of a few samples adjacent to the vein 
(at least using the 20-foot interval of this study) are seriously open to 
question in view of the erratic background values of the elements. 
The work on the cations in the wall rocks would not be com­
plete without the description of two remarkable hand specim ens from the 
C.S.M. collection. The first, which is from the Mendota min e, but no 
specific locality is given (T.M. 10653), consists of altered trachytoid 
Silver Plume G ranite that still retains its texture and hard ness. Scat­
tered through the specimen are K-feldspar crystals that have been altered 
to dull, black aggregates. Freshly sawed surfaces give no hint of sul­
fides in these black masses, nor is there any idea of the width of the 
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o c c u r r e n c e  o f  t h e s e  b l a c k  m a s s e s .  I n  p o l i s h e d  s e c t i o n ,  v e ry  t h i n  v e i n l e t s  
a n d  s p e c k s  o f  s u l f i d e s  t o o  s m a l l  t o  b e  i d e n t i f i e d  c a n  b e  s e e n  r e p l a c i n g  
t h e  f e l d s p a r  r a nd o m l y  a n d  i n  s o m ew h a t  l a r g e r  l e n s e s  a l o n g  t h e  c l e a v a g e .  
T h i s  s p e c i m e n  c o n t a i n s  n o  S b ,  A s ,  S n ,  o r  B i ,  2 0 0  p p m  C u ,  1  p e r c e n t  o r  m o r e  
P b  a n d  Z n ,  a nd  1  p e r c e n t  A g  ( 2 0  p o u n d s  o f  s i l v e r  t o  t h e  t o n ! ) .  
T h e  o t h e r  s p e c i me n  i s  f r o m  t h e  S e v e n - t h i r t y  m i n e ,  a g a i n  w i t h  
n o  s p e c i f i c  l o c a l i t y  ( H u l e a t t  4 2 . 3 ) .  I t  c o n s i s t s  o f  a  h a n d  s p ec i m e n  o f  
a l t e r e d ,  d e n s e ,  c o h e r en t  q u a r t z  m o n z o n i t e  p o r p h y r y .  T h r o u g h  t h e  c e n t e r  
o f  t h e  s p e c i m e n  i s  a  z o n e  o f  b l a c k  d i s c o l o r a t i o n ,  m os t l y  c o n f i n e d  t o  t h e  
g r o u n d m a s s ,  a b o u t  5  c m  w i d e  t h a t  i s  n o t  r e l a t e d  t o  a n y  v i s i b l e  f r a c t u r e .  
O n  a  f r e s h l y  s a we d  s u r f a c e ,  t i n y  s p e c k s  a n d  v e i n l e t s  o f  s u l f i d e s  c a n  b e  
e a s i l y  s e e n .  M os t  o f  t h e s e  s p e c ks  c a n n o t  b e  i d e n t i f i e d  u n d e r  t h e  m i c r o ­
s c o p e  e x c e p t  f o r  a  f e w  g r a i n s  o f  p y r i t e .  T h e  s u l f i d e s  a r e  r e p l a c i n g  t h e  
s i l i c a t e s  i n  t i n y  s p e c k s  a n d  a l o n g  c l e a v a g e s  ( F i g u r e  2 6 ) .  T h e  A s ,  S b ,  S n ,  
a n d  B i  c o n c e n t  o f  t h i s  s p e c i m e n  i s  n i l ,  t h e  C u  c o n t e n t  i s  2 0 0  p p m ,  a n d  t h e  
Z n  a n d  P b  c o n t e n t  i s  1  p e r c e n t  o r  m o r e .  T h e  A g  c o n t e n t  i s  2  p e r c e n t  ( 4 0  
p ou n ds  o f  A g  p e r  t o n ! ) .  
T h e  s i l v e r - b e a r i n g  m i n e r a l s  i n v o l v e d  c o u l d  n o t  b e  d e t e r m i n e d ,  
b u t  t h e  p r e s e n c e  o f  a c a n t h i t e  o r  p o s s i b l y  o n e  o f  t h e  s i l ve r  h a l i d e s  i s  
s u g g e s t e d .  N a t i v e  s i l v e r  i s  d o u b t f u l  i n  v i e w  o f  i t s  h i g h  r e f l e c t i v i t y  i n  
p o l i s h e d  s e c t i o n ,  w h i ch  w o u l d  h a v e  p r o b a b l y  b e e n  n o t e d  e v e n  i n  t h e  t i n y  
g r a i n s ;  t h e  c o p p e r  c o n t e n t  i s  t o o  l o w  f o r  j a l p a i t e  ( A g o 0 u S ? ) ;  a n d  t h e  S b -
O  ^  
A s - B i  c o n t e n t  i s  m u c h  t o o  l ow  f o r  a n y  o f  t h e  s u l f o s a l t s .  
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F i g u r e  2 6 .  A c a n t h i t e  ( ? )  r e p l a c i n g  a  f e l d s p a r  g r a i n  i n  w h a t  a p p e a r s  t o  
b e  a n  o r d i n a r y  p i e c e  o f  b l a c k - s t a i n e d  q u a r t z  m o n z o n i t e  p o r ­
p h y r y  f r o m  t h e  S e v e n - t h i r t y  m i n e .  ( F o r  f u r t h e r  d e s c r i p t i o n ,  
s e e  p .  1 3 3 - 1 3 4 ) .  T h e  r o c k  c o n t a i n s  a b o u t  2  p e r c e n t  s i l v e r .  
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D e s c r i p t i o n  o f  t h e  M i n e s  
I n  t h e  c o u r s e  o f  t h i s  w o r k ,  t h e r e  w a s  n o  a t t e m p t  t o  m a p  a l l  
o f  t h e  u n d e r g r o u n d  w o r k i n g s  t h a t  c o u l d  b e  e n t e r e d .  T h e r e  a r e  a  n u m b e r  o f  
a d i t s ,  s h a f t s ,  r a i s e s ,  a n d  s t o p e s  t h a t  m i g h t  h a v e  b e e n  e n t e r e d  w i t h  s o m e  
w o r k  f r o m  t h e  s u r f a c e  o r  f r o m  t h e  m a p p e d  w o r k i n g s .  M o s t ,  h o w e v e r ,  w e r e  
i n c o n v e n i e n t ,  i f  n o t  d a n g e r o u s .  I t  s h o u l d  a l s o  b e  a d d e d  t h a t  t h e  r o c k s  
i n  t h e  a r e a  a r e  v e r y  s t a b l e ,  a n d  t i m b e r i n g  i s  i n f r e q u e n t l y  n e e d e d .  W i t h  
t h e  e x c e p t i o n  o f  t h e  d r i f t s  a l o n g  t h e  v e i n s ,  t h e  w o r k i n g s  s h o u l d  r e m a i n  
o p e n  i n d e f i n i t e l y .  M a n y  o f  t h e  a d i t s  s h o w n  a s  " c a v e d "  o n  P l a t e  1  p r o b a b l y  
a r e  o n l y  c o v e r e d  b y  t a l u s  a n d  d e b r i s  a t  t h e  p o r t a l  a n d  c o u l d  b e  e n t e r e d  
w i t h  l i t t l e  w o r k .  
M a p p i n g  w a s  c o m p l e t e d  i n  t h e  D i a m o n d ,  B u r l e i g h ,  M e n d o t a ,  a n d  
J o h n n y  B u l l  t u n n e l s  o n  t h e  t u n n e l  l e v e l  a n d  a d j a c e n t  w o r k i n g s  o n l y  ( P l a t e s  
5 ,  6 ,  a n d  7 ) .  W h i l e  t h i s  d i d  n o t  a l l o w  e x a m i n a t i o n  i n  t h e  p l a n e  o f  t h e  
v e i n s ,  i t  d i d  g i v e  a  v i e w  o f  m o s t  o f  t h e  v e i n s  a t  o n e  o r  m o r e  l o c a t i o n s .  
T h e  s h o r t  d e s c r i p t i o n s  t h a t  f o l l o w  a r e  i n t e n d e d  a s  l i t t l e  m o r e  t h a n  a n  
e x p a n s i o n  o f  t h e  n o t e s  o n  t h e  m a p s  o f  t h e  w o r k i n g s .  
T h e  J o h n n y  B u l l  m i n e  
T h e  J o h n n y  B u l l  t u n n e l  ( P l a t e  5 )  c u t s  s i l l i m a n i t i c  b i o t i t e -
q u a r t z  g n e i s s  a n d  i n c r e a s i n g  a m o u n t s  o f  p e g m a t i t i c  a n d  t r a c h y t o i d  t o  s e r i ­
a t e  Si l v e r  P l u m e  G r a n i t e  t o w a r d  t h e  v e i n .  M o s t  o f  t h e  r o c k  i s  h a r d ,  a n d  
l i t t l e  t i m b e r i n g  w a s  n e c e s s a r y  a l o n g  t h e  t u n n e l .  A n  u n k n o w n  a m o u n t  o f  
o r e  w a s  m i n e d  d u r i n g  t h e  y e a r s  1 9 6 0  t o  1 9 6 6  f r o m  t h e  s t o p e d  a r e a  s h o w n  
o n  P l a t e  5 .  T h e r e  a r e  n o  r e l i a b l e  f i g u r e s  a v a i l a b l e  f o r  t h e  p r o d u c t i o n  
d u r i n g  t h i s  p e r i o d .  T h e  m o s t  l i k e l y  p o s s i b i l i t y  i s  t h a t  t h e  J o h n n y  B u l l  
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v e i n  i s  t h e  e x t e n s i o n  o f  t h e  S m u g g l e r  v e i n  ( w h i c h  i s ,  i n  t u r n ,  t h e  e x t e n ­
s i o n  o f  t h e  M e n d o t a  v e i n )  t o  t h e  n o r t h e a s t  a c r o s s  C l e a r  C r e e k .  T h e r e  i s  
a  s u g g e s t i o n  t h a t  t h e r e  m a y  w e l l  b e  c o m p l i c a t i o n s  u n d e r  C l e a r  C r e e k ,  h o w ­
e v e r .  A  t r a v e r s e  w a s  r u n  u p  t h e  s l o p e  o v e r  t h e  v e i n ,  a n d  t h e  v e i n  w a s  
g r a p h i c a l l y  p r o j e c t e d  t o  t h e  s u r f a c e .  T h e r e  i s  n o  i n d i c a t i o n  o f  t h e  v e i n  
o n  t h e  s u r f a c e  w h i c h  i s  c o v e r e d  w i t h  t a l u s .  T h e  d i s t a n c e  f r o m  t h e  t o p  o f  
t h e  u p p e r m o s t  u n d e r g r o u n d  w o r k i n g s  t o  t h e  s u r f a c e  i s  1 8 0  f e e t  a l o n g  t h e  
v e i n  p r o j e c t e d  a t  a  d i p  o f  7 0 °  S .  
M i n e r a l i z a t i o n  i s  n o w  o b s c u r e d  b y  t i m b e r  o n  t h e  t u n n e l  l e v e l  
a n d  i s  o n l y  i n f r e q u e n t l y  s e e n  a l o n g  t h e  b a c k  o n  t h e  6 0 - f o o t  l e v e l .  H o w ­
e v e r ,  a t  t h e  l i m i t  o f  u p p e r m o s t  s t o p i n g  ( a p p r o x i m a t e l y  9 0  f e e t  a b o v e  t h e  
t u n n e l  l e v e l )  m i n e r a l i z a t i o n  c a n  b e  s e e n  a s  l e n s e s ,  p o d s ,  a n d  s t r i n g e r s  
o f  s u l f i d e s  a l o n g  m u c h  o f  t h e  b a c k  a n d  e s p e c i a l l y  a t  t h e  e a s t  e n d  o f  t h e  
d r i f t .  T h e  s u l f i d e s  a r e  p r e d o m i n a n t l y  s p h a l e r i t e ,  g a l e n a ,  a n d  p y r i t e  i n  
t h a t  o r d e r ;  b u t  p o l y b a s i t e ,  p y r a r g y r i t e ,  n a t i v e  s i l v e r ,  a n d  a c a n t h i t e  c a n  
b e  f o u n d  i n  h a n d  s p e c i m e n s .  T h e  s u l f o s a l t s  a r e  s c a t t e r e d  i r r e g u l a r l y  
t h r o u g h  t h e  s u l f i d e s .  I n  a  n u m b e r  o f  i n s t a n c e s  t h e  s u l f o s a l t s  s e e m  t o  
o c c u r  m o s t  a b u n d a n t l y  i n  t h e  t h i n n e r  v e i n l e t s  t o  t h e  e x c l u s i o n  o f  t h e  
t h i c k e r  s p h a l e r i t e - r i c h  l e n s e s .  T h e  m a x i m u m  w i d t h  o f  t h e  s u l f i d e s  s e e n  
w a s  a b o u t  1 5  i n c h e s ,  b u t  g e n e r a l l y  t h e  w i d t h  o f  t h e  m i n e r a l i z a t i o n  i s  m u c h  
l e s s .  N a t i v e  s i l v e r  o c c u r s  a s  f i n e  w i r e s  i n  v u g s  g r o w i n g  o u t  o f  t i n y  o c t ­
a h e d r a l  c r y s t a l s  o f  a c a n t h i t e ,  a f t e r  a r g e n t i t e .  I t  a p p e a r s  t h a t  t h e  n a t i v e  
s i l v e r  a n d  a c a n t h i t e  a r e  s e c o n d a r y  a n d  s h o u l d  i n c r e a s e  i n  a b u n d a n c e  t o w a r d  
t h e  s u r f a c e .  I n  a d d i t i o n ,  a c a n t h i t e  i s  m o d e r a t e l y  a b u n d a n t  a s  t h i n  s m e a r s  
o n  j o i n t  a n d  s l i c k e n s i d e  s u r f a c e s  w h e r e  i t  c a n  e a s i l y  b e  o v e r l o o k e d .  A c a n ­
t h i t e  w as  a l s o  m o d e r a t e l y  a b u n d a n t  a t  t h e  p o i n t  o f  i n t e r s e c t i o n  o f  t h e  t w o  
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f a u l t s  j u s t  t o  t h e  e a s t  o f  t h e  e n d  o f  t h e  t u n n e l  ( R i c h a r d  R i z z a r d i ,  o r a l  
c o m m u n i c a t i o n ) .  T h e  a l t e r a t i o n  z o n e  e x t e n d s  l i t t l e  m o r e  t h a n  5  t o  1 0  f e e t  
a w a y  f r o m  t h e  v e i n s .  T h e  v e i n s ,  a n d  f a u l t s  a l o n g  t h e m ,  c o n s i s t  o f  a  
b r a i d e d  z o n e  w i t h  a n  a b u n d a n t  g o u g e  o f  q u a r t z  a n d  m u s c o v i t e .  S o m e  d r i l ­
l i n g  o n  t h e  J o h n n y  B u l l  v e i n  i n d i c a t e s  t h a t  t h e  v e i n  s t r u c t u r e  i s  s u f f i ­
c i e n t l y  b r o k e n  u p  t o  h i n d e r  r e c o v e r y  o f  c o r e  f r o m  t h e  v i c i n i t y  o f  t h e  v e i n .  
T h e  o r e  s h o o t  o n  t h e  J o h n n y  B u l l  v e i n  p r e s e n t s  a n  i n t e r e s t i n g  
e x a m p l e  o f  t h e  s t r u c t u r a l  c o n t r o l  o f  m i n e r a l i z a t i o n .  I t  c a n  b e  a t t r i b u t e d  
t o  t w o  c a u s e s .  T h e  f i r s t  i s  t h a t  t h e  m i n e r a l i z a t i o n  o c c u r s  n e a r  t h e  i n t e r ­
s e c t i o n  o f  t w o  p r o m i n e n t  f a u l t s  a s  s h o w n  o n  P l a t e  5 .  T h e  p o i n t  o f  i n t e r ­
s e c t i o n  o f  t h e s e  t w o  f a u l t s  c a n  b e  s e e n  o n  t h e  6 0 - f o o t  l e v e l  s l i g h t l y  t o  
t h e  w e s t  o f  i t s  p o s i t i o n  o n  t h e  t u n n e l  l e v e l .  B u t  i t  c a n n o t  b e  s e e n  o n  t h e  
S O - f o o t  l e v e l ,  o r  i t  i s  o b s c u r e d  i n  t h e  v e i n .  T h e  s e c o n d  c o n t r o l  i s  r e ­
f l e c t e d  i n  t h e  d e f l e c t i o n  o f  t h e  m i n e r a l i z e d  ( s o u t h )  f a u l t  a t  t h e  o r e  s h o o t .  
A  l e f t - l a t e r a l  m o v e m e n t  a l o n g  t h e  g e n e r a l  t r e n d  o f  t h e  f a u l t  w o ul d  t e n d  t o  
o p e n  t h e  p o r t i o n  w h e r e  t h e  o r e  s h o o t  i s  l o c a t e d .  T h e  m i n e r a l i z e d  f a u l t  
d i e s  o u t  t o w a r d  t h e  e a s t ,  a n d  t h e  o t h e r  b r a n c h  i s  u n e x p l o r e d  i n  t h i s  d i r e c ­
t i o n .  A  s h a l l o w  w i n z e  ( l e s s  t h a n  2 5  f e e t  d e e p  ? )  w a s  s u n k  o n  t h e  u n m i n e r -
a l i z e d  ( n o r t h )  f a u l t ,  b u t  e v i d e n t l y  w i t h  l i t t l e  o r  n o  s i g n  o f  o r e .  T h e  
d r i f t i n g  a l o n g  t h e  f a u l t  z o n e  t o  t h e  e a s t  o f  t h e  t u n n e l  c o u l d  n o t  b e  e n t e r e d ,  
b u t  s c a t t e r e d  p o d s  o f  s u l f i d e s  w e r e  f o u n d  a t  a n d  s l i g h t l y  b e l o w  t h e  t u n n e l  
l e v e l  ( R i c h a r d  R i z z a r d i ,  o r a l  c o m m u n i c a t i o n )  t o w a r d  t h e  e a s t  e n d  o f  t h e  
d r i f t .  
D u r i n g  t h e  w i n t e r  o f  1 9 6 6 - 1 9 6 7 ,  t w o  l e s s o r s  w o r k e d  t h e  b l o c k  o f  
o r e  b e t w e e n  t h e  6 0 - f o o t  a n d  t h e  9 0 - f o o t  l e v e l s  t o  t h e  e a s t  o f  t h e  e n d  o f  
t h e  9 0 - f o o t  l e v e l ,  a s  s h o w n  o n  P l a t e  5 .  T h e  o r e  v a l u e s  w e r e  v e r y  i r r e g u l a r ,  
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b u t  a  f e w  t o n s  o f  o r e  w e r e  b a g g e d  c h a t  r a n  o v e r  2 0 0  o z .  o f  s i l v e r  p e r  t o n .  
M o s t  o f  t h e  r e s t  o f  t h e i r  p r o d u c t i o n  r a n  l e s s .  
I n  P l a t e  1 ,  a  v e r y  p r o m i n e n t  l i n e a r  f e a t u r e  c a n  b e  o b s e r v e d  
a p p r o x i m a t e l y  3 5 0  f e e t  t o  t h e  s o u t h  o f  a n d  p a r a l l e l  t o  t h e  J o h n n y  B u l l  
v e i n .  A p p a r e n t l y  i t  h a s  n o t  b e e n  t e s t e d  f r o m  t h e  J o h n n y  B u l l  w o r k i n g s ,  
a n d  n o  s u r f a c e  p i t s  c o u l d  b e  s e e n  a l o n g  i t  o n  t h e  s u r f a c e .  
A  w e l l - d e f i n e d  h i g h l y  a l t e r e d  z o n e  a b o u t  1  f o o t  t h i c k  i s  l o c a t e d  
j u s t  i n  f r o m  t h e  p o r t a l  o f  t h e  J o h n n y  B u l l  t u n n e l ,  a n d  a  s h a l l o w  ( n o w  f l o o d e d  
b u t  a b o u t  3 0  f e e t  d e e p )  w i n z e  w a s  s u n k  o n  i t .  A  g r a b  s a m p l e  o f  t h e  a l t e r e d  
m a t e r i a l  i n d i c a t e s  a b o u t  1 5  o z .  o f  A g  p e r  t o n ,  b u t  n o  s u l f i d e s  w e r e  s e e n .  
T h e  p o s i t i o n  o f  t h e  v e i n  h e r e  m u s t  b e  v e r y  n e a r  t h e  s u r f a c e ,  h o w e v e r ,  a n d  
t h e  d o w n w a r d  p e r c o l a t i o n  o f  g r o u n d w a t e r  m a y  h a v e  c o n c e n t r a t e d  t h e  r n e t a l s  
b e l o w  t h e  t u n n e l  l e v e l .  O n  t h e  w e s t  s i d e  o f  t h e  d r i f t  a l o n g  t h e  a l t e r e d  
z o n e ,  t h e  t o p  o f  a  s t o p e  c a n  b e  s e e n  a t  t r a c k  l e v e l .  T h i s  a p p a r e n t l y  e x ­
t e n d e d  d o w n  t o  t h e  l e v e l  o f  C l e a r  C r e e k ,  a b o u t  2 0  f e e t  b e l o w  t h e  t u n n e l  
( R i c h a r d  R i z z a r d i ,  o r a l  c o m m u n i c a t i o n ) .  
T h e  M e n d o t a  t u n n e l  
A l t h o u g h  t h e  M e n d o t a  t u n n e l  w a s  c o m p l e t e d  t o  i t s  p r e s e n t  l e n g t h  
p r i o r  t o  1 9 0 0 ,  t h e  r o c k s  a l o n g  t h e  t u n n e l  s t a n d  w e l l ,  a n d  t h e  w o r k i n g s  
a l o n g  t h e  m a i n  t u n n e l  w i l l  r e m a i n  o p e n  i n d e f i n i t e l y .  T h e  r o c k s  a l o n g  t h e  
M e n d o t a  t u n n e l  c o n s i s t  m a i n l y  o f  t r a c h y t o i d  S i l v e r  P l u m e  G r a n i t e  a n d  h i g h l y  
m i g m a t i z e d  m e t a m o r p h i c  r o c k s  ( P l a t e  6 ) .  T h e  M e n d o t a  t u n n e l  i s  a l s o  k n o w n  
( o r i g i n a l l y ? )  a s  t h e  V i c t o r i a  t u n n e l .  
T h e  M e n d o t a  v e i n  i s  e x p o s e d  i n  a  p i l l a r  o v e r  t h e  m a i n  t u n n e l  a s  
a  s u l f i d e  l a y e r  1 8  t o  2 4  i n c h e s  t h i c k .  T h e  v e i n  h e r e  c o n t a i n s  f r a g m e n t s  o f  
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m o d e r a t e l y  a l t e r e d  g r a n i t e  u p  t o  1 2  i n c h e s  i n  d i a m e t e r  i n  t h e  s u l f i d e s .  
T h e  f r a g m e n t s  a p p e a r  u n s u p p o r t e d  b y  t h e  w a l l  r o c k  a n d  a r e  p r o b a b l y  r e l a t e d  
t o  r e p e a t e d  m i n e r a l i z a t i o n  a n d  b r e c c i a t i o n .  T h e  M e n d o t a  v e i n  w a s  w o r k e d  
e x t e n s i v e l y  ( P l a t e  X X X I X  i n  S p u r r ,  G a r r e y ,  a n d  B a l l ,  1 9 0 8 ) .  T o  t h e  e a s t ,  
t h e  w o r k i n g s  e x t e n d e d  i n t o  t h e  B u r l e i g h  t u n n e l ,  a n d  t o  t h e  w e s t  i n t o  t h e  
S m u g g l e r  m i n e .  P r o b a b l y  m o s t  o f  t h e  g r o u n d  a b o v e  t h e  M e n d o t a  t u n n e l  l e v e l  
b e t w e e n  t h e s e  t w o  m i n e s  w a s  s t o p e d ,  a n d  t h e  t o p s  o f  t h e s e  s t o p e s  c a n  b e  
s e e n  a t  a  n u m b e r  o f  s u r f a c e  e x p o s u r e s .  T h e  E n g i n e  s h a f t  a p p r o x i m a t e l y  2 0 0  
f e e t  w e s t  o f  t h e  m a i n  t u n n e l  o n  t h e  M e n d o t a  v e i n  e x t e n d e d  d o w n  a t  l e a s t  
4 0 0  f e e t ;  t h e  e x t e n t  o f  s t o p i n g  i n  t h e  v i c i n i t y  i s  u n k n o w n .  
T h e  m i n e r a l i z a t i o n  i n  t h e  T i s h o m i n g o  v e i n  i s  r e l a t i v e l y  s p a r s e  
a s  c o m p a r e d  t o  t h e  M e n d o t a  v e i n  a t  l e a s t  i n  t h e  w o r k i n g s  n o w  e x p o s e d .  T h e  
e x a c t  e x t e n t  o f  s t o p i n g  i s  u n k n o w n .  T h e  T i s h o m i n g o  v e i n  i s  m a r k e d  b y  a  
g o u g e  z o n e  u p  t o  a  f o o t  t h i c k  a n d  m u c h  p o s t - o r e  f r a c t u r i n g .  M o s t  o f  t h e  
s u l f i d e  o f f s e t s  s h o w  l e s s  t h a n  a  f o o t  o f  s e p a r a t i o n ,  a n d  m o s t  ( ? )  o f  t h e  
f a u l t i n g  i s  p a r a l l e l  t o  t h e  p l a n e  o f  t h e  v e i n .  
T h e  C a s h i e r  v e i n  i s  a n o m a l o u s  i n  t h a t  t h e  a l t e r a t i o n  a l o n g  t h e  
v e i n  i s  n o t  p r o m i n e n t ,  a n d  t h e  s u l f i d e  m a s s e s  a r e  f r o z e n  i n t o  t h e  w a l l  
r o c k .  S o m e  m i n i n g  w a s  c a r r i e d  o u t  o n  t h e  C a s h i e r  v e i n  a f t e r  W o r l d  W a r  I I ,  
a n d  t h e r e  a r e  a  f e w  s h a l l o w  s t o p e s  a b o v e  t h e  t u n n e l  l e v e l .  T h e r e  i s  p r o ­
b a b l y  n o  e x t e n s i v e  s t o p i n g  b e t w e e n  t h e  t u n n e l  l e v e l  a n d  t h e  s u r f a c e .  T h e  
m i n i n g  f r o m  t h e  t u n n e l  l e v e l  w a s  s t o p p e d  a t  l e a s t  p a r t l y  b e c a u s e  o f  t h e  
d i f f i c u l t y  i n  d r i l l i n g  t h e  v e r y  h a r d  r o c k  a l o n g  t h e  v e i n .  I t  i s  o b v i o u s  
f r o m  P l a t e  5  t h a t  t h e  T i s h o m i n g o  a n d  C a s h i e r  v e i n s  s h o u l d  i n t e r s e c t  t o  t h e  
w e s t  o f  t h e  m a p p e d  a r e a .  A l t h o u g h  t h e  T i s h o m i n g o  v e i n  w a s  n o t  m a p p e d  a t  
t h e  p o i n t  o f  i n t e r s e c t i o n ,  i t  w a s  e x a m i n e d  h a s t i l y  ( t h e  l i m i t a t i o n  o n  t h e  
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mapping was the threatening appearance of the timbering on the Tishomingo 
vein).  There certainly is no ore shoot at  the intersection (on the tunnel 
level,  at  least) and almost no sig n of the extension of the Cashier vein 
at  i ts projected position. At the western end of the Cashier drift ,  the 
sulfides deflect into a prominent joint set ,  and a similar situation also 
occurs at  the short drift  just to the east of the Mendota tunnel where 
the vein disappears.  Along the drift  on the Cashier vein, very prominent 
growths of the hydrated zinc sulfates,  bianchite and goslarite,  occur in 
felted masses up t o 3 inches thick. 
Only we ak min eralization can now be seen on the South Frosberg 
vein, but there has been stoping above the tunnel level to an unknown 
extent,  both to the east and west of the Mendota tunnel.  An unusual 
feature of the workings to the west of the tunnel is  an orange coating on 
the walls of the drift  that obscures much of the geology. The material 
consists chiefly of goethite and c alcite.  
The North Frosberg vein is exposed continuously from t he Mendota 
tunnel to the Burleigh tunnel to the east .  At the west end of the drift­
ing, the mineralization dies out,  and the veinlets deflect into the folia­
tion of the metamorphic rocks. Similarly, at  the eastern end of the drift ,  
thin veinlets deflect into the foliation of the metamorphic rocks but do 
not die out.  The dogleg at  the east end of the drift  reflects the trend 
of the foliation there. The m ineralization along the drift  to the east 
of the Mendota tunnel is  very irregular and consists of pods and lenses 
of sulfides up t o 12 inches thick (as now expo sed) rather than a continu­
ous vein of sulfides.  Stoping along the North Frosberg vein has certainly 
been carried out on various levels to the west in the Dundenberg mine, and 
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the lack of mineralization at  the west end of the drif t  off  the Mendota 
tunnel is  probably a local  phenomenon. The North Frosberg vein has pro­
bably been stoped to the surface along i ts  total  extent in the Mendota 
tunnel.  In addit ion,  mining from the Howard winze extended to a depth of 
about 380 feet .  The s topes adjacent to the Howard winze extended about 
175 feet  to the west ( l imited by claim l ines) and about 400 f eet  to the 
east  (also l imited by claim l ines).  
The Burleigh tunnel 
The Burleigh tunnel extends 2,650 feet  from the portal ,  and 
most of the rock encountered in the area can be seen along i t  or in con­
tiguous workings (Plate 6) .  I t  also shows no s ign of collapse and w ill  
remain open indefinitely.  The most prominent rocks in the Burleigh work­
ings are trachytoid Silver Plume G ranite and si  11 imam"tic bioti te-quartz 
gneiss.  However,  beyond the Phill ips-Fenton-Mammoth vein,  the metamorphic 
rocks are represented by micaceous quartz gneiss.  Both T ertiary alas kite 
and quartz rnonzonite can be seen in the easternmost portion of the mapped 
workings,  and hornblendite occurs in two l ocations.  The metamorphic rocks 
are highly migmatized for the most part ,  with the exception of the mica­
ceous quartz gneiss,  which appears to have been more resistant to the 
effects of the intrusion.  
The Men dota vein is  represented by an approximately 6-inch 
layer of sphaleri te,  with minor galena that  can be glimpsed behind the 
t imber.  The m ineral ization may have been much thicker in the Mendota vein 
but cannot now be seen.  Spurr,  Garrey,  and Ball  (1908) indicate that  there 
were continuous workings along the Mendota vein between the Mendota and 
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Burleigh tunnels but that they were inaccessible during their work. No 
maps of these workings could be found, and the trend of the Mendota vein 
between the tunnels is conjectural. Apparently there is a deflection in 
the vein in the interval. The Tishomingo vein is not represented in the 
Burleigh tunnel. Its projection east of the Mendota tunnel would inter­
sect the Mendota vein between the two tunnels. George Rowe (oral communi­
cation) indicates that this intersection was found to have very high grade 
silver ore 300 feet below the Mendota tunnel level. The Cashier vein 
could not be found in the Burleigh tunnel, and the South Frosberg vein is 
represented only by a few unmineralized fractures. 
The Phillips-Fenton-Mammoth vein is represented by a well-
defined fault zone to the east of the Burleigh tunnel, but the mineraliza­
tion is restricted to a few pods of sulfides that consist mainly of brec-
elated pyrite cemented by quartz. To the west of the tunnel, the vein 
shows increasing mineralization, but the drift is caved at about 275 feet 
west of the Burleigh tunnel. To the west, there was apparently some stop-
ing of unknown extent on a short loop of the Phillips-Fenton-Mammoth vein, 
and a winze was sunk on this mineralization but is now flooded. The drift 
along the Phillips-Fenton-Mammoth vein formerly extended to a position at 
the bottom of the projection of the Hercules shaft on the Seven-thirty 
vein. A r aise was driven to tap the bottom of the Hercules shaft in about 
1915, but apparently there was no stoping on the Seven-thirty vein at this 
ti me. 
What is often considered to be the Seven-thirty vein was encoun­
tered at the end of the Burleigh tunnel. The cross section along the 
Burleigh tunnel (Plate 2) indicates the possibility of such a projection. 
I  L U L  
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H o w e v e r ,  t h e r e  i s  s o m e  u n c e r t a i n t y  t h a t  t h i s  i s  a c t u a l l y  t h e  S e v e n - t h i r t y  
v e i n .  T h e  p r o j e c t i o n  d o w n w a r d  f r o m  t h e  l o w e s t  w o r k i n g s  o n  t h e  v e i n  i s  a  
l o n g  o n e ,  a n d  a  s l i g h t  r o l l  c o u l d  p l a c e  t h e  v e i n  b e y o n d  t h e  e n d  o f  t h e  
B u r l e i g h  t u n n e l .  T h i s  p o r t i o n  o f  t h e  S e v e n - t h i r t y  v e i n  w a s  n o t  p a r t i c u ­
l a r l y  r i c h  o r  w e l l  d e f i n e d  i n  t h e  w o r k i n g s  a b o v e  t h e  e n d  o f  t h e  B u r l e i g h  
t u n n e l  ( P l a t e s  X X X I  a n d  X X X I I ,  S p u r r ,  G a r r e y ,  a n d  B a l l ,  1 9 0 8 ) ,  a n d  m o s t  
o f  t h e  s t o p i n g  w a s  t o  t h e  w e s t  o f  t h e  B u r l e i g h  t u n n e l .  
T h e  P e l i c a n - B i s m a r k  v e i n  a n d  t h e  a s s o c i a t e d  a l a s k i t e  d i k e  i s  
w e l l  e x p o s e d  i n  t h e  c r o s s c u t  o f f  t h e  P h i l  1 i p s - F e n t o n - M a m m o t h  v e i n  i n  t h e  
n o r t h e a s t  c o r n e r  o f  P l a t e  6 .  T h e  a l a s k i t e  d i k e  i s  a p p a r e n t l y  l e s s  t h a n  
7 5  f e e t  t h i c k  h a r e ,  b u t  t h e  p o o r l y  e x p o s e d  n o r t h  w a l l  m a y  m e r e l y  r e p r e s e n t  
a  h o r s e  o f  P r e c a i n b r i a n  r o c k s .  M i n e r a l i z a t i o n  i s  n o t  p r o m i n e n t  a l o n g  t h i s  
p o r t i o n  o f  t h e  P e l i c a n - B i s m a r k  s y s t e m ,  b u t  s u l f i d e s  a r e  e x p o s e d  a t  t h e  
t o p  o f  a  1 0 5 - f o o t  r a i s e  a b o v e  t h e  t u n n e l  l e v e l  t h a t  w a s  d r i v e n  i n  1 9 6 4 .  
T h e  l a c k  o f  m i n e r a l i z a t i o n  i s  s o m e w h a t  s u r p r i s i n g  i n  t h a t  t h i s  p o r t i o n  o f  
t h e  P e l i c a n - B i s m a r k  v e i n  w a s  a p p a r e n t l y  n e a r ,  o r  a t ,  t h e  i n t e r s e c t i o n  o f  
t h e  S e v e n - t h i r t y  v e i n .  T h i s  i n t e r s e c t i o n  h a d  p r o d u c e d  a n  o r e  s h o o t  
e x t e n d i n g  f r o m  t h e  s u r f a c e  t o  w i t h i n  2 0 5  f e e t  ( o n  t h e  D i a m o n d  l e v e l )  o f  
t h e  B u r l e i g h  t u n n e l  l e v e l  ( P l a t e  X X V I I ,  S p u r r ,  G a r r e y ,  a n d  B a l l ,  1 9 0 8 ) .  
T h e  D i a m o n d  t u n n e l  
T h e  D i a m o n d  t u n n e l  w a s  d r i v e n  a p p r o x i m a t e l y  p a r a l l e l  t o  t h e  
g e n e r a l  t r e n d  o f  t h e  f o l i a t i o n  w h i c h  s t r i k e s  a b o u t  n o r t h - s o u t h  w i t h  v a r i a ­
t i o n s  o f  2 0 °  t o  e i t h e r  s i d e  a n d  d i p s  a b o u t  7 0  t o  8 0 °  t o  t h e  e a s t  ( P l a t e  7 ) .  
A l t h o u g h  t h e r e  a r e  m a j o r  a r e a s  o f  t r a c h y t o i d  S i l v e r  P l u m e  G r a n i t e ,  t h e  
s i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s  i s  n o t  p a r t i c u l a r l y  r n i g m a t i z e d .  H o w e v e r ,  
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t h e r e  i s  a  m a j o r  a r e a  o f  a l t e r e d  s i l l i m a n i t i c  b i o t i t e - q u a r t z  g n e i s s  t h a t  
e x t e n d s  f r o m  a b o u t  3 8 0  t o  5 0 0  f e e t  f r o m  t h e  p o r t a l .  M o s t  o f  t h i s  i n t e r ­
v a l  i s  c o m p l e t e l y  t i m b e r e d  a n d  e x p o s u r e s  c a n n o t  b e  s e e n .  I t  i s  c e r t a i n ,  
h o w e v e r ,  t h a t  t h i s  r e p r e s e n t s  t h e  P e l i c a n - S i s m a r k  z o n e .  T h e  a l t e r a t i o n  
c o n s i s t s  o f  w i d e s p r e a d  c o n v e r s i o n  o f  t h e  f e l d s p a r s ,  b i o t i t e ,  a n d  e s p e c i a l l y  
t h e  s i l l i m a n i t e  t o  g r e e n i s h  1 M  m u s c o v i t e .  T h e  a l t e r e d  r o c k  r e t a i n s  i t s  
f o l i a t i o n  b u t  i s  a l m o s t  f r i a b l e  w i t h  p r o m i n e n t  c l o t s  o f  m u s c o v i t e  i n  p l a c e  
o f  t h e  s i l l i m a n i t e  l e n s e s .  
T h e  f i r s t  t h r e e  d r i f t s  t o  t h e  w e s t  f r o m  t h e  p o r t a l  o f  t h e  
D i a m o n d  t u n n e l  s h o w  l i t t l e  m i n e r a l i z a t i o n  b u t  a  v e r y  c o m p l e x  s t r u c t u r e .  
A t  l e a s t  p a r t  o f  t h i s  c a n  b e  a t t r i b u t e d  t o  t h e  P e l i c a n - B i s m a r k  z o n e  w h i c h  
m a y  s h o w  t h i s  w i d e  z o n e  o f  f a u l t i n g  t h r o u g h o u t  i t s  l e n g t h .  T h i s  c o m p o u n d  
z o n e  o f  f a u l t i n g  p o i n t s  o u t  t h e  n e c e s s i t y  o f  e x t e n d i n g  e x p l o r a t i o n  t o  b o t h  
s i d e s  o f  a n y  p r o m i n e n t  f r a c t u r e s ,  a n d  t o  t h i s  z o n e  i n  p a r t i c u l a r .  
T h e  D i v e s  v e i n ,  w h i c h  s p l i t s  f r o m  t h e  P e l i c a n - B i s r n a r k  v e i n  t o  
t h e  w e s t ,  s h o w s  e x t e n s i v e  m i n e r a l i z a t i o n ,  b u t  o n l y  t h e  s t o p e s  c a n  n o w  b e  
s e e n .  T h e  D i v e s  v e i n  i t s e l f  s p l i t s  j u s t  w e s t  o f  t h e  D i a m o n d  t u n n e l ,  a n d  
b o t h  s p l i t s  c a n  b e  s e e n  o n  P l a t e  7 .  S p h a l e r i t e  a n d  g a l e n a  a b o u t  1 2  i n c h e s  
t h i c k  a r e  e x p o s e d  f o r  a b o u t  5 0  f e e t  a l o n g  t h e  t o p  o f  a  s t o p e  d r i v e n  i n  
1 9 5 3  a b o u t  4 0  f e e t  a b o v e  t h e  t u n n e l  l e v e l  o n  t h e  D i v e s  v e i n .  T h e  w o r k i n g s  
a l o n g  t h e  D i v e s  v e i n  e x t e n d e d  m o r e  t h a n  3 , 0 0 0  f e e t  t o  t h e  n o r t h w e s t  w h e r e  
i t  t i e d  i n t o  t h e  P e l i c a n - B i s m a r k  w o r k i n g s .  E x t e n s i v e  m i n i n g  w a s  c a r r i e d  
o u t  i n  m a n y  a r e a s ,  b u t  t h e  w o r k i n g s  a r e  n o w  l a r g e l y  i n a c c e s s i b l e  ( s e e  
L o v e r i n g  a n d  G o d d a r d ,  1 9 5 0 ;  a n d  S p u r r ,  G a r r e y ,  a n d  B a l l ,  1 9 0 8 ) .  
T h e  C o r r y  C i t y  v e i n  i s  e x p o s e d  f o r  a  s h o r t  d i s t a n c e  a t  t h e  e n d  
o f  t h e  w o r k i n g s  m a p p e d  o n  P l a t e  7 ,  b u t  l i t t l e  m i n e r a l i z a t i o n  c a n  b e  s e e n .  
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F i g u r e  4 2  i n  S p u r r ,  G a r r e y ,  a n d  B a l l  ( 1 9 0 8 )  i n d i c a t e s  t h a t  m o s t  o f  t h e  
s t o p i n g  o n  t h e  C o r r y  C i t y  v e i n  w a s  a b o v e  t h e  D i a m o n d  t u n n e l  l e v e l .  A l t e r a ­
t i o n  o f  t h e  f e l d s p a r s ,  s i l l i m a n i t e ,  a n d  b i o t i t e  o f  t h e  s i l l i m a n i t i c  b i o t i t e -
q u a r t z  g n e i s s  i s  a l s o  e x t e n s i v e  ( a b o u t  5 0  f e e t )  i n  t h e  c o m p l e x  f a u l t i n g  
a d j a c e n t  t o  t h e  C o r r y  C i t y  v e i n .  T h e  w i d t h  a n d  d e g r e e  o f  a l t e r a t i o n  i s  
h i g h l y  d e v e l o p e d  i n  c o n t r a s t  t o  t h e  r e l a t i v e l y  n a r r o w  a n d  w e a k  a l t e r a t i o n  
z o n e s  n o t e d  i n  t h e  M e n d o t a ,  B u r l e i g h ,  a n d  J o h n n y  B u l l  t u n n e l s  a n d  l e n d s  
s u p p o r t  t o  t h e  i d e a  t h a t  t h e  P e l i c a n - B i s i n a r k  a n d  t h e  C o r r y  C i t y  v e i n s  a r e  
( o r  n e a r )  t h e  m a i n  o r e  c h a n n e l s  i n  t h e  a r e a .  
APPENDIX 
Techniques of the Spectrographs Analysis 
Sample preparation 
The larger samples were f irs t  crushed to a minus 1/4 inch in a 
small  jaw crusher.  Then the sample was reduced to -100 mesh in a pulveri­
zer equipped with ceramic plates.  During these steps,  about half  the 
sample was run through the crusher and pulverizer and discarded to clean 
the plates from the previous sample.  Smaller samples were hand picked 
and then examined wi th a binocular microscope to assure puri ty.  They 
were then crushed with a ceramic or steel  mortar and pest le to -100 mesh. 
The mortar and pestle were cleaned with appropriate acids between samples.  
A nu mber of reruns during the course of the work indicated that  there was 
no s ignificant contamination during preparat ion.  
Equipment 
All  the spectrographs analyses were carried out on an ARL 
Spectrographs Analyzer,  Model 26000-1.  Ultra-Carbon 1/4- inch electrodes 
(CI00-1) were used,  and the samples were diluted with f ive times their  
weight of Ultra-Carbon carbon powder.  The e lectrode cup accommodated 
approximately 5 mg. of the sample (with 25 mg. of carbon).  Burn t ime was 
20 s econds which appeared suff icient for the elements determined. Longer 
bum times provided no gain in sensit ivity;  10 seconds would probably have 
been sufficient.  As received from the manufacturer,  the instrument burned 




locally to burn the samples in a C02  atmosphere to reduce the effects of 
the cyanogen l ines.  The presence of CO^ seemed to have no effect  on the 
sensit ivity of the analyses as long as the C02  pressure was kept below 30 
p.s . i .  Above that  pressure,  the fi lm was blank, or most of the l ines were 
missing.  
Standards and accuracy 
A stan dard fi lm was prepared by d iluting a commercial  s tandard 
("Spex-Mix") containing 1.28 percent of each of the elements to be deter­
mined. The intervals chosen for the sample f i lm were based on the cube 
root of 10 reduced to simple whole numbers,  e .g.  10,  5,  2,  1 Dilution 
provided samples with 10,000, 5,000, 2,000, 1,000, 500, 200, 100, 50,  20,  
10,  5,  2 and 1 parts per mill ion (ppm) of each element (10,000 ppm = 1% 
and approximately 100 ppm = 2.9 oz.  per ton).  
Each f i lm of the material  analyzed (17 samples) also contained 
one sample of the 500 o r 1,000 ppm ma terial  used to prepare the standard 
fi lm as an internal standard.  Occasionally the internal standard varied 
as much as one-half  of the interval from the same value on the standard 
plate;  most were the same, and none varied by one full  interval.  
Barring blunders,  the accuracy of a given value l ies within 
+ 100 percent of i ts  true value or + one interval.  That is ,  a value of 
500 ppm ac tually may vary from 1 ,000 ppm t o 200 ppm. This includes any 
error in the spectrograph!c techniques,  reading of the values,  and sample 
preparation.  I t  does not include the problem o f reproducibil i ty in obtain­
ing the sample.  This accuracy value was obtained from a random rerun of 
a number of samples as a control ,  as well  as much other work (with this 
equipment)  in the Colorado School of  Mines laboratories.  
The maximum s ensi t ivi ty for  each element read was taken from 
the sample f i lm used in this  work.  
As -  50 ppm 
Hg -  200 ppm (but  commonly obscured) 
Sb -  50 ppm 
Ge -  20 ppm 
Pb -  20 ppm 
Sn -  20 ppm 
Ga -  20 ppm 
Bi -  20 ppm 
Be -  2 ppm 
Mo -  50 ppm 
In -  50 ppm 
Cd -  100 ppm 
Cu -  2 ppm 
Zn -  200 ppm 
Ag -  2 ppm 
Co -  20 ppm 
Sr  -  20 ppm 
All  of  the elements noted above were determined for  al l  the samples,  but  
often not  al l  were present .  Where an element is  not  noted in a tabulat ion,  
i t  is  not  present  in quanti t ies  above the maximum s ensit ivity.  
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